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PREFACE. 


THE  following  fleets  contain,  as  is  expreffed 
by  the  title,  an  Outline  of  the  Author  s  Leclures 
on  Chemijlry.  'They  were  printed  at  the  re- 
peated  requejl  of  his  auditors,  who  wijhed  to 
have  a  text  book  which  might  contain  the  mofl 
Jlriking  facls.  This  text  book  was  intended  to 
be  confined  to  thofe  who  attended  his  leclures, 
but  it  having  been  fuggejled  by  fome  friends, 
whofe  judgment  and  advice  he  refpecls,  that  fuch 
a  work  might  be  ufeful  in  refrefhing  the  memories 
of  others,  he  has  ventured  to  make  it  more  pub- 
lic. He  hopes  however,  that  as  this  is  a  mere 
rude  fketch  of  what  is  delivered  in  the  leclures, 
if  his  readers  fhould  not  agree  with  him  in  fome 
opinions  which  may  appear  to  be  new,  they  will 
not  cenfure  him,  till  they  have  had  an  opportu- 
nity of  hearing  his  defence  of  thofe  opinions. 
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OUTLINES,  &c. 


LECTURE  I. 


CHEMISTRY  may  be  juftly  regarded  as  one  of 
the  moft  fublime  and  important  of  the  fciences, 
embracing  in  its  object  the  whole  of  natural  phe- 
nomena ;  there  being  few  changes,  comparatively 
fpeaking,  that  are  not  attended  with  fome  effects 
which  come  under  the  consideration  of  this  fcience. 

Some  chemifts  have  defined  this  fcience  nega- 
tively, by  affirming  that  every  effect  which  is  not 
merely  mechanical,  is  chemical,  and  in  purfuing 
this  view  of  the  fubject,  we  may  fay,  that  chemiftry 
as  a  fcience  teaches,  the  methods  of  eftimating  and 
accounting  for  the  changes  produced  in  bodies,  by 
motions  of  their  parts  among  each  other,  which 
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are  too  minute  to  affect  the  fenfes  individually  j  and 
as  an  art,  we  mould  fay  that  it  confifts  in  the  ap- 
plication of  bodies  to  each  other,  the  beft  calculated 
to  produce  thofe  changes . 

Macquer  fays,  that  chemiftry  is  a  fcience  whofe 
object  is  to  inveftigate  the  properties  of  bodies  by 
analyfis,  and  fynthefis  ;  and  Fourcroy  defines  it  to 
be  a  fcience  which  gives  us  a  knowledge  of  the 
intimate  and  reciprocal  action  of  all  bodies  on  each 
other. 

It  would  take  up  too  much  time  to  point  out 
all  the  advantages  which  fociety  derives  from  che- 
miftry, it  will  only  be  necefiary  to  point  out  a  few 
of  the  moft  remarkable,  with  a  view  of  exciting 
attention,  and  mowing  that  it  is  not  a  fcience 
merely  calculated  to  gratify  curiofity,  and  afford 
entertainment. 

Among  the  arts  depending  upon  chemiftry, 
may  be  enumerated  the  making  of  bricks  and  tiles, 
porcelain,  and  in  fhort,  all  forts  of  earthenware ; 
the  making  of  glafs ;  the  arts  of  extracting,  melting, 
and  purifying  metals,  and  uniting  them  with  each 
other  j  the  formation  of  vinous  liquors  by  fermen- 
tation ;  the  diftillation  of  fpirits  j  the  making  of 
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vinegar,  all  depend  upon  chemiftry.  The  art  of 
cookery  is  likewife  indebted  to  this  fcience,  as  well 
as  the  arts  of  tanning,  currying,  and  the  manufac- 
ture of  white  leather,  and  of  hats. 

To  the  apothecary  an  extenfive  knowledge  of 
this  fcience  is  abfolutely  neceffary,  to  underftand 
what  alterations  the  fubftances  which  he  employs 
may  undergo,  and  that  he  may,  when  neceffary, 
prevent  or  correct  them ;  and  that  he  may  know 
the  combinations  and  decompofitions  which  take 
place  when  different  drugs  are  mixed  together. — 
Numerous  miftakes  have  arifen  from  a  want  of 
knowledge  of  chemical  combination  and  decompo- 
fition  in  the  preparation  of  medicines. 

Chemiftry  is  no  lefs  ufeful  to  the  phyfician  than 
to  the  apothecary,  as  it  enables  him  to  prefcribe 
with  prudence  and  fuccefs,  and  to  apply  with  ad- 
vantage thofe  powerful  remedies,  which  the  practi- 
tioner, ignorant  of  chemiftry,  adminifters  with  a  ti- 
mid and  uncertain  hand.  The  arts  of  dying,  bleach- 
ing, and  callico  printing,  depend  upon  chemiftry, 
and  by  means  of  this  fcience,  fome  of  them  have  been 
lately  wonderfully  improved.  From  wh«at  has  been 
faid  it  muft  be  evident  that  chemiftry  is  the  comer 
ftone  of  the  arts ;  and  the  fcience  of  agriculture  is 

much 
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much  more  clofely  connected  with  chemiftry  than 
has  generally  been  imagined.  The  farmer  mould 
know  how  to  mix  different  kinds  of  earth  and  ma- 
nure, fo  as  to  furnifli  the  proper  nourifliment  to 
plants  in  due  quantity.  The  prevention  and  cure 
of  the  difeafes  of  vegetables,  and  the  method  of 
deftroying  the  infects  which  devour  them,  depend 
chiefly  on  a  knowledge  of  chemiftry. 

The  working  of  mines,  and  indeed  the  whole 
of  mineralogy,  depends  upon  chemiftry ;  this  fci- 
ence  teaches  us  to  extract  the  different  metals  from 
their  ores,  and  to  render  them  fubfervient  to  the 
various  purpofes  of  life. 

The  advantages  of  chemiftry  are  not  however 
confined  to  the  agriculturift,  the  natural  philofo- 
pher,  the  mineralogift,  the  phyfician,  or  the  artift — 
its  phenomena  are  interesting  to  all  clafles  of  people, 
and  its  applications  are  fo  numerous,  that  there  are 
few  circumftances  which  occur  in  life,  in  which  we 
do  not  derive  pleafure  and  advantage  from  the 
knowledge  of  its  principles. 

Having  pointed  out  in  a  general  way  the  uti- 
lity of  chemiftry,  I  mall  proceed  to  give  a  very  ihort 
hiftorical  fketch  of  this  fcience. 

The 
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The  origin  of  chemiftry  is  involved  in  the  fame 
obfcurity  as  that  of  the  arts  and  fciences  in  general. 
What  Mofes  fays  of  Tubal  Cain,  proves  that  one 
part  of  metallurgic  chemiftry,  was  underftood  by 
that  patriarch.  Tubal  Cain  would  feem  to  be  the 
fame  perfon  mentioned  in  fabulous  hiftory  by  the 
name  of  Vulcan.  For  many  ages  after  the  flood, 
we  have  no  certain  accounts  of  the  ftate  of  chemif- 
try :  the  chemical  fkill  of  Mofes  difplayed  in  his 
diflblving  the  golden  calf,  has  generally  been  ad- 
duced as  a  proof  of  the  flourifhing  ftate  of  chemif- 
try among  the  Egyptians,  in  whofe  learning  he  is 
faid  to  be  well  verfed.  It  feems  moft  probable  how- 
ever, that  Mofes  did  not  diflblve  the  calf,  but  only 
ground  it  to  powder,  and  fufpended  it  in  water. 

But  whatever  we  may  think  of  this  circum- 
ftance,  it  is  certainly  among  the  more  ancient  Egyp- 
tians that  we  ought  to  place  the  origin  of  this  fci- 
ence.  The  firft  of  this  nation  mentioned  as  a  che- 
mift,  was  Athotis,  furnamed  Hermes,  or  Mercu- 
rius,  who  was  a  king  of  Thebes  ;  the  next  king  of 
Egypt  who  was  a  chemift,  was  Siphoas,  who  lived 
800  years  after  Athotis,  and  about  1900  before 
Chrift  ;  he  was  furnamed  by  the  Greeks,  Hermes, 
or  Mercurius  Trifmagiftus.  Democritus  of  Abdera, 
who  lived  about  500  years  before  Chrift,  travelled 

into 
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into  Egypt,  and  obtained  a  knowledge  of  their 
chemiftry. 

After  the  lapfe  of  feveral  ages,  during  which 
the  progrefs  of  this  fcience  cannot  be  traced,  we 
again  find  veftiges  of  it  among  the  Arabs.  In  the 
ninth  century,  Gebber  wrote  three  works  on  che- 
miftry, in  which  fome  ufeful  fafts  are  to  be  found ; 
in  the  tenth  century  lived  Rhafis,  phyfician  to  the 
hofpital  of  Bagdat ;  who  firft  applied  chemiftry  to 
medicine.  In  the  eleventh  century  appeared  Avi- 
cenna,  a  chemical  phyfician  like  Rhafis,  and  a  man 
of  great  knowledge  and  abilities,  which  elevated 
him  to  the  office  of  grand  vizier  j  but  the  debauch- 
ed life  he  led  foon  caufed  his  depofition. 

According  to  writers  on  alchemy,  the  art  of 
making  gold  had  been  known  for  a  long  time ;  but 
this  notion  was  carried  to  its  height  between  the 
eleventh  and  fixteenth  centuries  ;  when  a  great  part 
of  Europe  was  filled  with  fearchers  for  the  philo- 
fopher's-ftone.  Among  thofe  lingular  men,  were 
particularly  diftinguiftied  Albertus  Magnus,  Roger 
Bacon,  Arnaud  de  Villeneuve,  Raymond  Lully, 
and  Bafile  Valentine. 

Although  the  alchemlfts  were  completely  foiled  , 
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in  their  refcarches,  yet  in  the  fixteenth  century  we 
find  a  great  number  of  perfons  fired  by  the  enthu- 
fiafm  of  a  gafconading  chemift,  called  Paracelfus, 
who  pretended  to  have  difcovered  an  univerfal  re- 
medy ;  feveral  of  his  followers  who  advanced  the 
fcience  confiderably,  were  by  no  means  cured  of 
the  madnefs  which  he  had  communicated  ;  among 
whom,  we  may  mention  Camus,  Libavius,  and 
Van-Helmont. 

Chemiftry  had  not  hitherto  been  treated  in  a 
philofophical  manner,  being  entirely  compofed  of 
unconnefted  fads ;  but  towards  the  middle  of  the 
feventeenth  century,  Barner,  phyfician  to  the  king 
of  Poland,  publimed  a  methodical  arrangement  of 
the  fa£ts  then  known ;  his  work  is  valuable,  as 
being  the  firft  that  places  chemiftry  among  the 
fciences.    Bohine  afterwards  wrote  a  philofophical 
treatife  on  chemiftry,  which  was  efteemed  as  an 
elementary  work  ;    but  Becher  went  much  farther 
than  any  of  them ;  he  collected  all  the  chemical 
difcoveries  that  had  been  made,  and  defcribed, 
with  furprifing  clearnefs  all  the  phenomena  then 
known.    He  was  followed  by  the  celebrated  Stahl, 
who  undertook  to  elucidate  the  do&rines  of  Becher, 
and  in  accounting  for  many  chemical  phenomena, 
he  pretended  to  demonftrate  the  prefence  of  a  prin- 
ciple 
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ciple  of  inflammability,  which  he  called  phlogifton, 
his  theory  was  followed  till  lately  by  all  chemifts. 

Boerhaave  cultivated  chemiftry,  and  enriched 
it  with  many  valuable  difcoveries,  and  the  cele- 
brated Macquer,  contributed  the  mod  of  any  to  the 
advancement  of  this  fcience. 

Stahl,  entirely  occupied  in  attempting  to  de- 
monftrate  the  prefence  of  phlogifton,  overlooked 
the  influence  of  air,  on  moft  of  the  phenomena 
which  he  explained  by  his  favourite  principle  :  but 
Lavoifier  afterwards  proved,  by  a  variety  of  experi- 
ments, that  a  part  of  the  atmofphere  combines  with 
bodies  during  their  calcination  and  burning,  and 
and  gave  rife  to  a  fet  of  chemifts  who  began  to 
doubt  the  exiftence  of  phlogifton,  and  who  attri- 
buted to  the  abforption  or  difengagement  of  pure 
air,  all  the  effects  which  Stahl  thought  were  owing 
to  the  difengagement  or  abforption  of  phlogifton. 
This  do&ririe  poffeffes  many  advantages  over  that 
of  Stahl,  as  it  does  not  involve  the  fuppofition  of  a 
fubftance  whofe  exiftence  cannot  be  proved  ;  and 
it  accounts  for  almoft  all  the  phenomena  in  an  eafy 
and  fimple  manner,  fo  that  it  is  now  almoft  univer- 
fally  adopted. 
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THE  particles  of  matter  are  endowed  with  a  reci- 
procal attractive  force,  which  caufes  that  arrange- 
ment we  fee  take  place  among  the  different  bodies 
of  the  univerfe.    This  attraction  takes  place  either 
between  particles  of  the  fame  kind,  or  between  par- 
ticles of  different  kinds  :  the  firft  is  called  affinity  of 
aggregation,  or  attraction  of  cohefion ;  the  latter, 
attraction  of  compofition,  or  elective  attraction. — 
The  attraction  of  cohefion  has  very  little  effect  when 
bodies  are  diftant,  but  when  they  are  brought  into 
contact,  they  unite  firmly  together.    This  kind  of 
attraction  modifies  the  apparent,  or  phylical  proper- 
ties of  bodies,  without  influencing  in  a  fenfible 
manner  their  chemical  properties.    The  attraction 
of  cohefion  is  ftronger  the  nearer  the  particles  of  a 
body  come  in  contact,  and  every  thing  which  tends 
to  feparate  thefe  particles,  weakens  or  oppofes  this 

attractive 
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attractive  force ;  this  effect  is  produced  by  heat ; 
which  entering,  or  combining  with  bodies,  dimi- 
nifhes  the  force  of  attraction.  According  to  the 
degree  with  which  this  force  is  counteracted  by  heat, 
bodies  appear  in  different  forms,  which  may  in  ge- 
neral be  reduced  to  the  following  :  the  hard,  or  fo- 
lid  aggregate,  the  foft  aggregate,  the  fluid,  and  the 
aeriform  aggregate.  Thefe  different  forms  are  only 
different  degrees  of  the  fame  attraction,  and  many 
bodies  are  capable  of  exifting  in  them  all. 

Befides  this  attraction  exifting  between  particles 
of  the  fame  kind,  bodies  of  different  natures  exert 
upon  each  other  an  attraction  more  or  lefs  ftrong ; 
and  it  is  by  means  of  this  force,  that  all  chemical 
changes  are  effected. 

The  phenomena  of  the  attraction  of  combina- 
tion are  regulated  by  the  following  laws. 

I.  It  only  takes  place  between  the  primary,  or 
conftituent  particles  of  bodies. 

II.  The  attraction  of  combination  between  two 
or  more  bodies,  is  inverfely,  as  the  attraction  of 
cohefion. 

III.  When 
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III.  When  two  or  more  bodies  unite  together, 
in  confequence  of  the  attraction  of  compofition, 
their  temperature  becomes  changed. 

IV.  The  compound  which  refults  from  the 
combination  of  two  bodies,  has  properties  perfectly 
different  from  thofe  of  its  conftituent  parts. 

V.  Every  body  has  different  degrees  of  attrac- 
tion, or  affinity  for  the  different  bodies  with  which 
it  unites. 

The  affinity  of  compofition  has  received  different 
names  from  its  effects,  and  has  been  divided  into 
three  claffes :  fimple  affinity,  double  affinity,  and 
intermediate  affinity. 

When  two  principles  united  together,  are  fe- 
parated  by  means  of  a  third,  this  is  faid  to  be 
performed  by  fimple  affinity,  or  fingle  elective 
attraction. 

It  often  happens  however,  that  when  a  body  is 
compounded  of  two  others,  this  combination  can- 
not be  deftroyed  either  by  a  third,  or  a  fourth  body, 
but  if  both  thefe  bodies  are  mixed  with  the  com- 
pound 
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pound  body,  it  is  then  decompounded :  this  is 
called  double  anjnity,  or  double  elective  attraction. 
The  cafe  of  intermediate  affinity  is,  when  two  bodies 
that  have  no  fenfible  affinity  with  each  other,  are 
united  by  a  fubftance  which  has  an  attraction  for 
both. 

It  has  been  a  fubject  much  difputed  among 
chemifts,  whether  the  attraction  of  cohefion  and 
combination,  be  the  fame  force  that  Newton  de- 
nominated gravity.  The  facts  of  which  we  are 
pofTeffed,  will  not  however  enable  us  to  decide  the 
queftion  ;  but  we  may  conclude,  that  if  chemical 
affinity,  and  attraction  of  gravitation,  be  one  and 
the  fame  force,  the  difference  which  exifts  in  the 
phenomena  produced  by  them,  fhews  that  it  is 
modified  by  particular  circumftances :  of  this  we 
ihall  be  convinced,  if  we  compare  what  we  know 
of  Newton's  attraction  of  gravitation,  with  the 
facts  of  which  we  are  poflefled  concerning  chemical 
affinity. 

The  firft  takes  place  between  large  maffes,  and 
is  proportioned  to  the  quantity  of  matter ;  the  latter 
exifts  only  between  the  fmall,  and  intimate  com- 
ponent particles  of  bodies,  and  does  not  take  place 

at 
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at  all  between  bodies  of  confiderable  fize.  The 
attraction  of  gravitation  takes  place  at  all  diftancesj 
chemical  attraction  only  when  the  particles  are  in- 
definitely near. 
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HEAT,  in  a  philofophical  fenfe,  denotes  the  caufe 
of  the  power  which  bodies  poffefs  of  exciting  the 
fenfations  of  heat,  or  coldnefs,  though  thefe  terms  are 
not  always  fufficiently  accurate,  owing  to  our  ufing  a 
variable  ftandard  of  comparifon :  for  in  this  inftance 
our  fenfations  are  not  to  be  trufted,  becaufe  the 
fame  body  may  appear  hot  to  one  perfon,  and  cold 
to  another,  or  even  hot  and  cold  to  the  fame  per- 
fon. Hence  it  is  necefTary,  in  order  to  avoid  error, 
that  the  fenfe  of  the  words  made  ufe  of  fhould  be 
accurately  defined,  and  that  fome  fixed  ftandard  of 
comparifon  be  made  ufe  of  inftead  of  the  human 
body. 

Two  opinions  have  long  divided  the  fcientific 
world  refpecting  the  nature  of  heat :  the  one  is, 
that  it  confifts  of  a  peculiar  motion,  or  vibration  of 
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the  parts  of  bodies,  the  other  fuppofes  that  heat  is  a 
fubftance,  or  fluid,  whofe  greater  or  lefs  quantity 
produces  a  higher  or  lower  temperature ;  the  latter 
opinion  feems  better  fupported  by  fads,  but  this 
enquiry  will  be  neither  ufeful,  or  neceflary  in  the 
firft  fteps  of  our  inveftigation,  for  fmce  efFe&s  are 
always  proportioned  to  their  caufes,  we  may  fpeak 
of  the  quantities  of  heat  in  bodies,  without  de- 
ciding whether  they  be  occafioned  by  quantities  of 
motion,  or  quantities  of  matter. 

The  fluid,  or  motion,  or  whatever  it  be,  which 
caufes  the  fenfation  of  heat  in  our  bodies  has  been 
called  caloric  by  the  reformers  of  the  chemical  no- 
menclature, which  is  perhaps  the  raoft  unexcepti- 
onable term  that  could  have  been  chofen,  fince  it  ac- 
cords with  every  opinion  reflecting  the  caufe  of  heat. 
Setting  afide  therefore  all  enquiries  concerning  the 
caufe  of  heat,  we  lhall  here  confine  ourfelves  to  its 
effects,  or  phenomena  j  and  (hall  firft  confider  the 
moft  general  of  them,  which  heat  produces  on  the 
fimpler  kinds  of  bodies. 

The  firft,  and  moft  obvious  effect  which  heat 
produces  on  bodies,  is  expanfion ;  experience  has 
taught  us,  that  at  all  times  when  we  add  heat  to  a 
body,  we  encreafe  its  bulk  ;  this  is  a  very  general 

rule, 
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rule,  the  exceptions  are  few,  and  will  be  noticed 
afterwards  :  the  only  difference  is  in  the  degree,  or 
quantity  of  expanfion  produced  by  equal  additions 
of  heat,  in  which  there  are  fcarcely  two  bodies 
that  agree  together.  In  general  denfe  bodies  ex- 
pand lefs  than  rare  ones,  but  though  this  may  be 
looked  upon  as  a  kind  of  general  rule,  there  are  fe- 
veral  exceptions  to  it. 

It  is  owing  to  this  expanfion  that  the  motion  of 
time-pieces  is  rendered  erroneous  j  but  the  ingenu- 
ity of  the  artift  has  difcovered  a  method  of  obvi- 
ating this,  by  employing  the  greater  expanfion  of 
one  metal,  to  counteract  that  of  another ;  this  is 
effected  in  what  is  called  a  gridiron  pendulum  :  up- 
on the  fame  principle  has  been  contrived  a  particu- 
lar conftrudlion  of  watches. 

Bodies  which  are  brittle,  or  which  want  flexi- 
bility, crack  or  break,  if  fuddenly  heated,  or  cool- 
ed :  this  depends  upon  the  expanfive  power  of  heat, 
that  ftretches  the  furface  to  which  it  is  applied,  while 
the  other  parts  not  being  equally  heated,  do  not  ex* 
pand  equally,  and  are  of  courfe  torn  afunder ;  hence,, 
veflels  which  are  to  ftand  fudden  heat,  ought  to  be 
very  thin.  This  effect:  of  heat  has  been  applied  to 
feveral  ufeful  purpofes  in  the  arts. 

There 
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There  are  however,  Tome  exceptions  to  this  ve- 
,ry  general  effect  of  heat,  and  particularly  in  the 
cafe  of  water ;  which,  when  cooled  down  to  the 
freezing  point,  inftead  of  contracting  on  the  fur- 
ther application  of  cold,  expands  with  prodigious 
force  ;  and  this  circumftance  enables  us  to  explain 
feveral  curious  facts.  The  reafon  of  this  expanfion 
has  not  been  properly  explained,  but  may  perhaps 
depend,  as  Dr.  Black  fuppofes,  on  fome  polarity  in 
the  attraction,  which  difpofes  the  particles  of  the 
water  to  unite  into  a  folid,  and  which  at  the  fame 
time  difpofes  them  to  run  into  certain  lines  and 
figures,  inftead  of  uniting  fimply  together  -s  in  con- 
fequence  of  which,  little  vacuities  will  be  left  in  the 
mafs,  caufing  it  to  occupy  more  room. 

Another  exception  to  this  general  rule,  occurs 
in  the  cafe  of  caft-iron,  which  fwells,  or  expands 
confiderably  in  the  act  of  becoming  folid  ;  and  this 
is  the  reafon  why  it  takes  fo  fine  and  fharp  an  im- 
preffion  from  the  mould. 

There  is  one  curious  obfervation  refpecting  the 
hiftory  of  heat,  namely,  that  it  never  adds  in  the 
leaft  to  the  weight  of  a  body,  fome  experiments 
which  were  thought  to  prove  the  contrary,  have 
been  made,  but  they  are  by  no  means  decifive. 
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We  ought  to  have  this  effect  which  heat  pof- 
feffes  of  expanding  bodies  in  view,  when  we  confi- 
der  their  fpecific  gravities. 

Some  bodies  conduct  heat  much  more  quickly 
than  others  ;  metals,  for  inftance,  conduct  heat 
with  much,  greater  rapidity,  than  wood,  glafs,  or 
earthenware;  and  on  this  account  hot  liquors  grow 
cold  fooneft  in  metallic  veflels. 

Heat  is  greatly  retarded  in  its  progrefs,  by  rare 
and  fpungy  mbftances,  fuch  as  cork,  feathers,  or 
wool  ;  which  keep  the  body  warm,  by  preventing 
its  heat  from  efcaping,  and  not  by  any  warmth 
which  they  themfelves  pofiefs.:  in  the  fame  man- 
ner, fnow  protects  the  furface  of  the  earth  from 
the  intenfe  cold  which  would  be  fatal  to  vegeta- 
tion. 

If  any  number  of  inanimate  bodies,  of  different 
temperatures,  be  brought  together,  in  a  place  where 
there  is  no  politive  caufe  of  heat,  the  heat  will  flow 
from  the  hotter  bodies  to  the  colder,  till  there  be 
an  equilibrium.  But  this  is  by  no  means  the  cafe 
with  refpect  to  animated  matter;  for,  whatever  be 
the  degree  of  heat  peculiar  to  individual  animals, 
ihey  preferve  it  nearly  unchanged  in  every  tempe- 
rature ; 
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rature  ;  which  (hews,  that  they  neither  receive  their 
heat  from  the  bodies  furrounding  them,  nor  fuffer 
from  external  circumftances,  any  material  alterati- 
ons in  their  heat ;  which  leaves  us  no  room  to 
doubt,  that  they  are  furnifhed  with  a  power  of  ge- 
nerating, fupporting,  and  regulating  their  own  tem- 
perature. We  mall  afterwards  be  enabled  to  fee  on 
what  this  power  depends. 


LECTURE 
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BEFORE  we  proceed  farther  refpecting  heat,  it  will 
be  neceflary  to  fay  fomething  concerning  thermo- 
meters ;  which  are  very  ufeful  inftruments,  and  which 
have  greatly  enabled  us  to  enlarge,  and  correct  our 
ideas  refpetting  heat.    The  invention  of  the  ther- 
mometer is  involved  in  obfcurity,  but  San&orio 
feems  to  have  the  beft  claim  to  it :  he  appears  to 
have  been  the  firft  who  noticed  the  expanfive  pow- 
er of  heat ;  and  obferving  it  in  the  cafe  of  air, 
thought  of  employing  it  to  afcertain  the  different 
degrees  of  heat.    San&orio's  aerial  thermometer,  af- 
terwards improved  by  Mr.  Boyle,  was  remarkably 
fenfible ;  but,  as  it  was  liable  to  be  affe&ed  by  va- 
riations in  the  weight  of  the  atmofphere,  as  well  as 
of  its  heat,  it  could  not  be  depended  on.  The  object 
therefore,  was  to  conftruct  thermometers  with  fome 
other  fluid  than  air,  which  would  not  need  to  have 
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any  communication  with  the  atmofphere.  Spirit  of 
wine,  tinged  of  a  red  colour,  was  firft  ufed  for  this 
purpofe,  and  is,  even  ftill  preferred  By  fome ;  though 
mercury  is  now  generally  ufed,  and  is  undoubtedly 
the  moft  proper  fluid  for  the  purpofe.  The  only 
difficulty  which  remained,  was  to  graduate  them  in 
fuch  a  manner,  that  all  thermometers  might  exactly 
correfpond  with  each  other,  which  at  firft  fight  was 
by  no  means  obvious.  The  firft  attempts  were 
very  rude,  and  imperfect ;  neither  was  the  method 
propofed  by  Mr.  Boyle  much  to  be  trufted  to ;  as, 
it  depended  on  the  meafurement  of  the  capacity  of 
the  ball,  and  bore  of  the  tube,  by  mechanical  means, 
which  could  not  accurately  be  done. 

It  was  afterwards  difcovered,  that  fome  bodies 
always  changed  their  form  at  the  fame  tempera- 
ture, or,  that  when  they  pafs  from  a  folid,  to  a 
fluid  ftate,  and  the  contrary,  they  always  reduce  the 
fluid  in  the  thermometer  to  the  fame  degree  of  ex- 
panfion,  fo  that,  by  obtaining  two,  or  more,  fuch 
fixed  points,  thermometers  may  be  graduated  fo  as 
to  correfpond  exactly  with  each  other.  It  is  like- 
wife  found,  that  the  dilatations  and  contractions  of 
mercurial  thermometers,  are  very  nearly  proporti- 
onate to  the  quantities  of  heat  communicated  to 
or  fubtracted  from  them,  which  is  a  very  fatisfac- 

tory 


22  LECTtJRE  IV. 

tory  difcovery,  and  which  was  afcertained  by  pro- 
ducing three  different  temperatures  independent  of 
a  thermometer,  and  which  were  intended  to  ferve 
as  a  check  upon  it,  and  fhew  whether  it  pointed 
to  the  different  quantities  of  caloric  that  really  ob- 
tained. 

Thefe  thermometers,  are  however,  liable  to 
fome  imperfections :  the  firft  is,  that  they  are  inca- 
pable of  meafuring  great  degrees  of  heat ;  becaufe 
the  fluid  which  they  contain,  when  heated  above  a 
certain  degree,  is  converted  into  an  elaftic  vapour 
that  would  burft  the  veffel. 

Mr.  Wedgewood  has  however,  contrived  an  in- 
genious method  of  meafuring  any  degrees  of  heat, 
however  intenfe,  by  means  of  fmall  pieces  of  clay, 
which  contrary  to  the  general  rule  before  mention- 
ed, contract  in  proportion  to  the  degree  of  heat  to 
which  they  are  expofed. 

Another  inconvenience  to  which  thermometers 
are  fubjecl:,  is,  that  we  cannot  by  means  of  them 
afcertain  the  degree  of  heat  or  cold  that  happens  in 
our  abfence.  This  is  obviated  in  a  great  meafure 
by  Mr.  Sixe's  ingenious  thermometer,  the  indices 
of  which  point  to  the  greateft  degrees  of  heat  or 
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eold  that  take  place  during  any  length  of  time  that 
the  obferver  may  be  abfent.  This  thermometer, 
though  very  ingenioufly  contrived,  is  too  compli- 
cated for  common  ufe,  and  not  portable ;  but  a 
much  more  fimple  one  on  the  fame  principle  might 
be  eafily  contrived. 

There  are  a  variety  of  fcales  adapted  to  ther- 
mometers, different  ones  being  ufed  in  different 
countries;  which  is  a  circumftance  attended  with  no 
fmall  inconvenience  in  comparing  obfervations  that 
have  been  made  with  various  thermometers  ;  and 
it  is  much  to  be  wifhed  that  a  general  or  ftandard 
fcale  were  adopted.  The  fcale  ufed  in  this  country 
is  that  of  Farenheit,  which  is  particularly  defcribed 
in  the  lecture. 
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HEAT  enters  with  equal  celerity  into  different 
kinds  of  bodies,  but  they  are  not  all  equally  eafily 
faturated  with  it,  or  in  other  words,  have  unequal 
capacities  for  receiving  it. 

The  celerity  with  which  heat  paffes  from  hotter 
bodies  to  colder,  is,  ceteris  paribus,  in  proportion  to 
their  difference  of  temperature  ;  and  alfo  to  the  ex- 
tent of  contact:  Hence  the  exceflive  flownefs  with 
which  heat  is  communicated  from  one  part  to  ano- 
ther in  bodies  that  are  more  fpungy  and  light,  while 
it  readily  paffes  through  thofe  that  are  denfe  and 
heavy.  It  is  on  this  account  that  light  fpungy  fub- 
ftances,  fuch  as  feathers  and  wool,  keep  us  warm 
in  cold  weather,  as  was  obferved  before.  From 
this  likewife  we  fee  the  reafon  why  fnow,  when  it 
lies  pretty  thick  upon  the  furface  of  the  earth,  pre- 
vents 
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vents  its  being  cooled  much  below  the  freezing 
point,  and  thus  preferves  the  roots  of  vegetables 
from  thofe  intenfe  colds  which  would  otherwife  de- 
stroy them. 

We  daily  fee  bodies  rendered  fluid  by  means  of 
heat,  and  have  reafon  to  be  perfuaded,  that  when- 
ever we  meet  with  fluidity,  it  is  always  an  effect,  or 
confequence  of  heat :  even  thofe  bodies  which  ap- 
pear generally  in  a  fluid  ftate,  and  which  ftate 
might  feem  to  be  natural  to  them,  derive  their  flu- 
idity from  the  quantity  of  heat  which  they  contain. 
Heat  may  therefore  be  confidered  as  the  caufe  of 
fluidity  in  all  bodies  whatever ;  but  as  there  is  a 
great  diverfity  with  regard  to  the  quantity  of  heat 
neceffary  to  produce  this  effect,  it  would  appear  that 
there  are  fome  other  circumftances  that  affect  their 
difpofition  to  fluidity. 

We  may  however  confider  all  fluid  bodies,  as 
folids  melted  by  heat,  but  whofe  congealing  point 
is  lower  than  the  natural  temperature  of  the  at- 
mofphere. 

Some  philofophers  have  found  great  difficulty 
in  admitting  this  general  proportion ;  and  have 
thought  water  an  exception.    They  have  fuppofed 
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fluidity  to  be  an  eflential  quality  of  water,  depend- 
ing upon  the  fpherical  figure  of  its  particles,  and 
that  its  freezing  depends  upon  the  introduction  of 
extraneous  bodies ;  of  this  opinion  was  profeffor 
Mufchenbrook,  who  has  given  a  number  of  argu- 
ments in  favour  of  this  fuppofition,  none  of  which 
are  however  fatisfactory. 

It  has  been  generally  fuppofed,  that  bodies  in 
paffing  from  a  folid  to  a  fluid  ftate,  receive  no 
more  heat  than  what  is  indicated  by  the  thermo- 
meter, and  that  the  extrication  of  this  fenfible  heat, 
is  fuffkient  to  reduce  them  again  to  a  ftate  of  foli- 
dity ;  but  the  exceffive  flownefs  with  which  ice  melts, 
when  furrounded  by  an  atmofphere,  many  degrees 
above  froft,  and  which  muft  therefore  be  conftantly 
communicating  heat  to  it;  as  well  as  fome  curious 
phenomena  attending  the  freezing  of  water,  fhew 
that  the  heat  muft  be  received  in  fome  different 
manner. 

According  to  Dr.  Black,  the  fluidity  of  bodies 
does  not  depend  fo  immediately  upon  the  fenfible 
heat  which  they  contain,  as  upon  a  certain  quantity 
of  latent  heat,  which  is  combined  with,  or  lies  con- 
cealed in  the  mafs,  fo  as  not  to  appear  to  the  fenfe, 
or  affect  the  thermometer ;  but  which  is  ready  to 
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break  our,  and  affiime  the  ordinary  form  of  fenfible 
moving  heat.  A  certain  quantity  of  fenfible  heat 
he  fuppofes  neceflary  to  fluidity,  but  the  immedi- 
ate and  indifpenfable  caufe  is,  the  entrance  of  a  cer- 
tain quantity  of  heat  which  becomes  chemically 
combined  with  the  body,  and  which  continues  in 
this  condition,  without  fuffering  any  increafe  or  di- 
minution, while  the  body  continues  fluid,  but  when  ■ 
it  pafles  to  the  folid  ftate,  this  heat  becomes  difen- 
gaged,  and  enters  into  the  furrounding  bodiesr  aug- 
menting their  temperature.  A  fluid  may  hence 
be  confidered  as  a  body  combined  with  caloric. — 
The  folid  form  is  therefore  the  natural  ftate  of  wa- 
ter ;  in  a  fluid  ftate,  it  is  a  combination  of  ice  and 
and  caloric.  The  quantity  of  heat  which  enters 
ice,  and  which  gives  it  fluidity  without  augmenting 
its  temperature,  may  be  calculated. 

Dr.  Black,  from  fome  experiments  which  he 
made,  fuppofes  the  heat  neceflary  to  melt  ice,  with- 
out augmenting  its  temperature,  to  be  1470  •  but 
fome  other  philofophers,  who  have  confidered  the 
fubject  more  accurately,  have  found  that  ice  cannot 
become  water,  unlefs  it  receive  1300  of  heat.  This 
ingenious  theory  enables  us  to  explain  many  pheno- 
mena relating  to  heat  and  cold,   which  cannot 
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otherwife  be  accounted  for  ;  such  as  the  extreme 
degrees  of  cold  produced  by  mixing  different  falts 
with  fnow,  or  with  the  mineral  acids ;  the  exceffive 
llownefs  with  which  ice  melts  j  the  reafon  why 
melted  metals  when  in  large  quantity  are  fo  long  in 
becoming  folid,  &c. 
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TO  form  a  more  exact  idea  of  the  converfion  of 
fluids  into  elaftic  vapours,  fuppofe  a  fingle  drop  of 
water  put  into  a  copper  or  brafs  globe,  capable  of 
holding  fome  gallons,  and  the  globe  perfectly  ex- 
haufted  of  its  air ;  if  we  apply  heat  to  it,  and  had 
an  opportunity  of  feeing  what  happens  within,  we 
mould  find  that  the  water  would  fuddenly  difappear, 
and  aflume  the  form  of  a  tranfparent  vapour,  which 
would  immediately  fill  the  whole  cavity  of  the  globe 
in  an  equable  manner  ;  and  if  the  heat  be  further 
increafed,  the  elafticity,  expanfion,  or  force  of  the 
vapour,  will  be  increafed  to  fuch  a  degree  as  to 
burft  the  globe. 

In  general,  the  converfion  of  any  particular  body 
into  vapour,  depends  upon  its  being  heated  above 
a  certain  degree  ;  and  this  vapour  immediately  col- 
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lapfes,  as  foon  as  the  heat  is  diminiftied  below  that 
degree. 

This  degree  is  much  higher  than  that  required 
to  convert  them  into  a  ftate  of  fluidity  ;  and  every 
body  has  a  particular  degree  of  heat  at  which  it  af- 
fumes  the  form  of  vapour,  in  the  fame  manner  as 
each  requires  a  peculiar  degree  of  heat  to  reduce 
it  to  fluidity.  It  is  not  found  however,  that  thofe 
bodies  which  fooneft  affurae  the  form  of  a  fluid, 
require  the  loweft  degrees  of  heat  to  convert  them 
into  vapour  -}  for  though  this  may  be  regarded  as  a 
kind  of  general  rule,  there  are  many  exceptions 
to  it. 

Thofe  fubftances  which  are  eafily  converted  into 
vapour,  are  called  volatile,  and  thofe  which  re- 
quire a  very  ftrong  heat,  are  called  fixed. 

Though  the  degree  of  heat  required  to  convert  a 
particular,  body  into  vapour,  is  in  general  nearly 
the  fame,  yet  it  is  not  fo  fteady  as  the  melting 
point ;  for  we  find,  that  when  preflure  is  applied  to 
the  furfaces  of  bodies,  it  retards  very  much  their 
converfion  into  vapour,  and  enables  them  to  bear  a 
much  greater  heat  before  they  boil.    In  Papin's 
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Digefter,  water  will  bear  to  be  heated  nearly  red 
hot,  without  being  converted  into  vapour. 

Under  the  preflure  of  .the  atmofphere,  all  bo- 
dies are  found  to  receive  more  heat  than  they  other- 
wife  would  do,  and  when  we  confider  that  this 
preflure  is  fifteen  pounds  upon  every  fquare  inch, 
we  (hall  not  be  furprized  that  it  mould  enable  wa- 
ter to  bear  1200.  more  heat  before  it  boils,  than  is 
required  to  make  it  boil  in  vaccuo. 

When  heat  is  applied  to  the  bottom  of  a  veflel 
containing  water,  as  foon  as  it  becomes  heated  ,to 
a  certain  degree,  it  is  affe&ed  with  that  agitation 
which  we  call  boiling,  which  is  occafioned  by  the 
fmaU  bubbles  of  vapour  formed  at  the  bottom  of 
the  veflel,  where  the  heat  enters  moft  plentifully ; 
this  vapour  being  much  lighter  than  the  water,  rifes 
rapidly  through  it,  and  is  thrown  up  to  the  fur- 
face  with  violence. 

The  violence  of  this  agitation  is  proportioned 
Co  the  celerity  with  which  heat  is  thrown  in,  and 
however  long  or  violently  the  fluid  is  made  to  boil, 
it  will  not  become  the  leaft  hotter. 

-  I  he  operation  of  heat  in  producing  vapour,  is 

fimilar 
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fimilar  to  its  operation  in  producing  fluidity.  The 
converfion  of  a  body  into  vapour  does  not  depend 
fo  immediately  upon  the  quantity  oifenfible  heat,  as 
upon  a  quantity  of  heat  which  becomes  abforbed, 
or  latent,  in  fuch  a  manner  as  not  to  be  evident  to 
the  fenfe  of  touch,  or  to  the  thermometer  ;  but 
which  is  ready  to  break  out,  when  the  body  is  con- 
denfed  into  the  form  of  an  incomprefTible  fluid. 

This  opinion  is  confirmed  by  feveral  obferva- 
tions,  particularly  by  the  great  quantity  of  heat 
received  by  water  during  its  ebullition,  which  does 
not  appear  in  the  vapour,  but  which  is  given  out 
by  the  vapour  when  it  is  condenfed  in  the  procefs 
of  diftillation. 

There  are  other  examples  which  fhow  the 
change  of  fenfible  into  latent  heat,  during  the  con- 
verfion of  bodies  from  their  ordinary  (late  into  that 
of  vapour.  If  the  bulb  of  a  thermometer  be  moif- 
tened  with  ether,  the  mercury  will  link  in  the  tube 
on  the  evaporation  of  the  ether  j  and  if  the  preflure 
of  the  air  be  removed  from  the  furface  of  the  ether, 
it  will  evaporate  fo  quickly  as  to  produce  a  very 
great  degree  of  cold,  if  a  tube  be  filled  with 
water,  and  immerfed  in  the  ether,  the  water  will 
foon  be  frozen  by  the  evaporation  of  the  ether. 

A  very 
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A  very  great  degree  of  cold  may  be  produced 
by  mixing  neutral  falts  with  the  mineral  acids  in  va- 
rious proportions.  The  cold  produced  in  this  way 
is  fo  intenfe,  that  mercury  may  be  frozen  at  any 
time  when  the  temperature  of  the  air  does  not  ex- 
ceed 85 0  of  Fahrenheit's  fcale. 


D  LECTURE 


(    34  ) 


LECTURE  VII. 


Though  it  is  evident  from  what  has  been  faid, 
that  the  different  forms  under  which  bodies  appear, 
depend  upon  their  latent  heat,  or  caloric  which  is 
combined  with  them  ;  yet  their  permanency,  or 
continuance  in  any  form,  depends  on  their  quantity 
of  fenfible  heat.  Water  is  folid  in  all  degrees  be- 
low 320.  of  Fahrenheit's  fcale,  it  then  is  difpofedto 
combine  with  caloric,  and  become  a  fluid ;  it  re- 
tains its  fluidity  under  the  ordinary  preffure  of  the 
atmofphere,  till  its  fenfible  heat  is  augmented  to 
2120.  It  is  then  difpofed  to  abforb  a  much  larger 
portion  of  caloric,  and  is  converted  into  a  gas,  or 
elaftic  vapour,  in  which  ftate  it  would  always  con- 
tinue, if  the  heat  of  the  atmofphere  was  above 

212°. 

Ether  boils,  or  is  converted  into  an  elaftic  fluid, 

when 
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when  heated  up  to  1060,  and  if  we  could  keep  it 
in  this  degree  of  heat,  it  would  always  be  in  the 
form  of  an  elaftic  fluid. 

All  gafes,  or  elaftic  fluids,  therefore,  depend, 
upon  the  combination  of  particular  fubftances  with 
caloric ;  and  thofe  which  we  call  permanently 
elaftic,  are  only  fo,  becaufe  we  cannot  fo  far  reduce 
their  temperature,  as  to  difpofe  them  to  part  with 
their  latent  heat,  otherwife  they  would  undoubted-  , 
ly  become  fluid  or  folid. 

Though  the  vaporific  point  of  mod  bodies  is 
higher  than  what  is  neceflary  for  their  fluidity,  this 
is  not  the  cafe  with  regard  to  all ;  for  there  are  fome 
folid  bodies  which  begin  to  be  converted  into  va- 
pour by  a  fmaller  degree  of  heat  than  is  neceflary  to 
render  them  fluid. 

From  obfervations  on  the  manner  in  which  va- 
pour is  produced  from  different  bodies,  we  can  un- 
derstand feveral  chemical  operations,  fuch  as  eva- 
poration, diftillation,  and  fublimation.  With  re- 
gard to  evaporation,  we  may  lay  down  the  following 
general  confequences. 

i.  If  any  thermometer  be  plunged  into  aneva- 

porable 
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porable  fluid,  and  immediately  taken  out  again,  the 
mercury  will  defcend  feveral  degrees  while  the  bulb 
is  drying  ;  but  as  foon  as  the  fluid  is  evaporated,  it 
will  begin  to  rife,  and  continue  to  do  fo,  till  it  has 
acquired  the  temperature  of  the  (unrounding  air. 

2.  The  cold  produced  is  greater  in  proportion 
as  the  fluid  is  more  evaporable. 

3.  If  the  evaporation  be  accelerated  by  any 
means,  excepting  heat,  the  cold  will  be  proportion- 
ally augmented. 

Though  the  property  of  producing  cold  by  eva- 
poration has  been  but  lately  obferved  by  chemifts, 
yet  it  has  been  long  employed  by  thofe  who  knew 
nothing  of  the  operation.  In  hot  climates  they 
employ  it  to  cool  their  liquors,  and  even  to  keep 
the  temperature  of  the  body  cool. 

The  making  of  ice  in  warm  climates,  where  it 
is  one  of  the  luxuries  of  life,  depends  on  the  fame 
principle. 

On  this  principle  alfo  we  can  fee  the  reafon  why 
the  air  over  a  wood  or  foreft  is  cooled  by  evapo- 
ration from  trees  and  fhrubs,  and  hence  the  fhade 

formed 
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formed  by  vegetable  bodies,  is  more  effectual  in 
cooling  us,  than  the  (hade  of  rocks  and  buildings. 

When  the  human  body  is  heated,  the  vapour 
paffes  off  through  the  fkin  by  perfpiration.  If  this 
perfpiration  be  leffened,  what  mould  evaporate,  heats 
the  body  to  an  improper  degree.  Hence  the  utility 
of  remedies  which  promote  perfpiration,  and  the  ufe 
of  ether  when  applied  to  the  temples  and  different 
parts  of  the  furface  of  the  body. 

Spontaneous  evaporation  is  the  production  of  a 
vapour  from  bodies,  diftinct  from  that  elaftic  va- 
pour produced  by  increafing  their  heat  above  their 
boiling  point ;  it  is  produced  flowly  and  impercep- 
tibly, without  the  leaft  agitation  ;  it  is  evident  there- 
fore that  it  muft  proceed  from  the  furface,  and  is 
accordingly  found  to  be  more  copious  as  the  furface 
is  increafed  ;  but  if  the  air,  loaded  with  this  vapour, 
be  allowed  to  ftagnate  upon  the  furfaces  of  the  bo- 
dies from  which  it  has  been  produced,  the  fluid 
will  not  evaporate  by  any  means  fo  fart  as  it  did  be- 
fore. Hence  in  calm  weather,  water  evaporates 
more  flowly  than  when  the  air  is  agitated  by  winds. 

The  production  of  this  vapour,  though  it  does 
not  appear  to  poffefs  any  elafticity,  depends  however 

upon 
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upon  heat ;  and  when  a  considerable  quantity  of  it 
has  been  produced,  and  the  heat  fuddenly  dimi- 
nifhed,  the  vapour  will  be  condenfed,  and  form  a 
mift  or  dew  ;  or  if  the  cold  be  great,  a  hoar  froft. 

It  is  this  evaporation  which  is  going  on  from 
the  furface  of  the  fea,  lakes,  rivers,  and  the  earth, 
which  produces  the  vapour,  that  at  a  certain  height 
is  condenfed  by  cold  into  mift,  and  compofes  clouds, 
which  are  fufpended  at  different  heights  in  the  at- 
mofpherej  which  are  carried  about  by  the  air,  and 
are  liable  to  become  electric,  and  in  confequence  of 
this  produce  the  phenomena  of  thunder  and  light- 
ning :  thefe  clouds  being  farther  condenfed,  fall  in 
drops  of  rain,  which  form  fprings  and  lakes,  from 
whence  arife  rivers  and  feas. 

On  account  of  the  importance  of  fpontaneous 
evaporation  in  many  of  the  grandeft  operations  in 
nature,  various  attempts  have  been  made  to  explain 
its  caufe,  particularly  by  Derham,  De  Saguliers, 
and  others  ;  none  of  which  are  however  fatisfa&o- 
ry.  One  of  the  moft  ingenious  theories  is  that 
given  by  Dr.  Hamilton.  He  fuppofes  that  fpon- 
taneous evaporation,  which  takes  place  in  low  de- 
grees of  heat,  depends  on  the  attraftion  between 
the  air  and  the  water  ;  and  that  the  air  diflblves  wa- 
ter 
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ter  in  the  fame  manner  that  water  diflblves  fait,  and 
many  chemical  fluids  diffolve  metals.  This  theory- 
is  fupported  by  a  number  of  circumftances,  in  which 
it  feems  to  agree  remarkably  with  the  difTolution  or 
combination  of  falts  or  metals  with  fluids,  and  to 
account  very  well  for  the  phenomena  ;  but  there  is 
an  infurmountable  objection  to  it  j  viz.  that  this 
evaporation  goes  on  in  vaccuo,  even  more  rapidly 
than  in  the  open  air,  which  it  could  not  do  if  it 
depended  on  the  folution  of  the  water  in  the  air. 

A  variety  of  circumftances,  and  particularly  the 
cold  which  is.produced  by  fpontaneous  evaporation, 
fhew,  that  this,  as  well  as  the  formation  of  other 
vapours,  depends  upon  the  abforption  of  heat  into 
a  latent  ftate. 

When  heat  is  accumulated  in  bodies  to  fuch  a 
degree  that  they  emit  light,  they  are  faid  to  be 
ignited.  There  feems  a  curious  connexion  between 
light  and  heat  j  when  a  body  is  heated  intenfely, 
it  always  becomes  luminous,  and  the  light  of  the 
fun,  when  concentrated,  is  capable  of  producing  a 
moft  intenfe  heat  in  opaque  bodies.  But  though 
there  would  feem  this  ftridt  connexion  between 
them,  it  feems  probable  that  the  light  of  the  fun 
does  not  contain  any  heat.    The  rays  of  the  fun, 

in 
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in  their  moft  concentrated  ftate,  produce  no  heat 
when  they  fall  upon  tranfparent  bodies.  If  the  rays 
of  the  fun  communicated  heat  to  the  earth,  this 
planet  would  be  gradually  heated  to  an  intenfe  de- 
gree, as  there  does  not  feem  any  way  in  which  the 
heat  can  be  conveyed  from  it  to  other  bodies.  It 
appears  much  more  confonant  to  the  phenomena,  to 
fuppofe  that  the  rays  of  the  fun,  falling  upon  bo- 
dies, become  attracted  by,  and  combined  with 
them,  and  thus  diminim  their  capacity  for  heat,  fo 
that  their  combined  caloric  will  be  difengaged  and 
become  fenfible.  There  exifts  probably  therefore, 
always  the  fame  quantity  of  caloric  in  the  earth, 
and  the  atmofphere  which  furrounds  it ;  and  this 
caloric  is  either  in  a  combined  or  free  ftate.  Dif- 
ferent proceffes  difengage  the  combined  caloric, 
which  then  becomes  free.  q 

When  a  piece  of  iron  is  made  red  hot,  the 
light  is  perhaps  given  out  by  the  oxygen,  on 
its  union  with  the  ignited  body ;  fo  that  the  red 
appearance  of  iron  is  moft  probably  a  fpecies  of 
combuftion.  The  fame  body  not  only  always  re- 
quires the  fame  degree  of  heat  before  it  becomes 
red,  but  all  kinds  of  matter  capable  of  bearing  a 
red  heat,  become  red  about  the  fame  time. 

As 
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As  light  is  an  agent  of  fome  confequence  in  che- 
miftry,  it  may  not  be  improper  to  confider  fome  of 
its  properties  here,  though  the  moft  remarkable  be- 
long to  the  fcience  of  optics.  I  (hall  only  therefore 
give  a  very  fhort  view  of  its  phyfical  properties. 

Light  feems  to  confift  of  particles  of  matter, 
extremely  minute,  which  are  emitted  from  the  fun, 
and  other  luminous  bodies,  in  right  lines  ;  its  velo- 
fity  is  fo  great,  that  it  moves  from  the  fun  to  the 
earth  in  little  more  than  eight  minutes.  The  elaf- 
ticity  of  the  rays  of  light  is  fo  great,  that  the  angle 
of  incidence  is  equal  to  the  angle  of  reflexion.  Light 
has  gravity,  for  it  may  be  attracted  and  infle&ed  by 
different  fubftances. 

fThe  light  of  the  fun,  which  is  white,  is  compofed 
rays  of  feven  different  colours,  which  may  be 
feparated  by  refraction  in  the  following  order. — Red, 
orange,  yellow,  green,  blue,  indigo,  violet. 

Light  is  now  no  longer  considered  as  a  mere 
phyfical  agent  $  the  chemift  is  fenfible  of  its  influence 
in  a  variety  of  operations.  Vegetation  cannot  go 
on  in  perfection  without  light,  for  plants  deprived 
of  it  are  perfectly  white  and  weak  ;  and  when  the 
light  is  permitted  to  enter  into  a  dark  place  where 

vegetables 
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vegetables  are  growing,  they  all  tend  towards  it,  as 
if  fenfible  of  the  neceflity  of  this  fluid  to  their 
exiftence. 

Deprived  of  the  benign  influence  of  light,  the 
colour  of  all  vegetables  would  be  a  deadly  white ; 
they  are  even  deprived  of  their  beautiful  tint?  which 
they  have  already  acquired,  when  they  are  fhut  up 
in  darknefs.  Vegetables  not  only  owe  their  colour  to 
light,  but  alfo  their  odour,  favour,  and  combufti- 
bility.  We  fee  the  influence  of  this  element  like- 
wife  exerted  on  other  bodies.  Worms,  and  infects 
which  live  in  darknefs,  are  white  ;  fo  are  the  birds, 
and  butterfly  tribe,  which  fly  about  only  in  the 
night.  Several  experiments  made  by  Scheele  and 
Berthollet,  fhew  that  the  abfence  or  prefence  of 
light,  varies  and  modifies  in  an  aftonifhing  manner, 
the  refults  of  chemical  operations. 

Inftances  have  been  already  given  in  which  cold 
is  produced  by  mixture ;  many  likewife  occur  in 
which  heat  is  produced.  When  cold  was  produced, 
it  was  mown  that  heat  was  abforbed,  and  became 
latent  in  the  mixtute  ;  but  here,  that  heat  which 
was  before  latent,  becomes  fenfible. 

LECTURE 
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IN  this  le&ure  the  laws  of  chemical  affinity,  or  affi- 
nity of  compofition,  illuftrated  in  the  fecond  lecture, 
are  recapitulated,  and  afterwards  the  effects  which 
take  place  when  bodies  are  mixed  together,  are 
confidered. 

In  fome  inftances,  when  bodies  are  mixed  to- 
gether, they  cannot  by  any  means  be  made  to 
combine,  or  unite  :  as  is  the  cafe  with  mercury, 
fand,  or  oil,  when  mixed  with  water.  However 
violently  thefe  bodies  are  agitated,  they  will  foon 
feparate.  In  other  inftances  however,  bodies  on 
being  mixed  together,  readily  unite,  and  form  a 
homogeneous  compound,  in  which  we  cannot  dis- 
cover the  fmalleft  appearance  of  any  diverfity  of 
conftituent  parts.  In  fome  cafes  this  intimate  union 
is  efFe&ed  flowly,  and  in  a  gentle  manner,  and  is 
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not  accompanied  by  any  phenomena  which  attract 
the  attention  ;  but  there  are  other  bodies  whofe 
union  is  attended  with  a  violent  agitation,  and  the 
production  of  heat.  In  fome  inftances  the  com- 
motion is  very  violent,  and  the  mixture  breaks  out 
into  a  cloud  of  fmoke,  or  even  into  flame.  Thefe 
circumftances  are  particularly  applicable  to  the 
union  of  fluids  with  each  other;  but  there  are  ma- 
ny inftances  in  which  folids,  even  very  hard  bo- 
dies, upon  being  thrown  into  certain  fluids,  are  torn 
afunder.  In  all  cafes  where  the  folid  is  thus  divid- 
ed, and  united  to  a  fluid,  it  is  called  by  chemifts  a 
folution,  and  the  fluid  is  called  the  folvent.  It  is 
neceflary  to  diftinguifh  between  folution  and  diffu- 
sion. When  a  piece  of  clay  is  mixed  with  water,  it 
will  become  diffufed  in  it,  but  the  mixture  will  be 
turbid,  and  in  time  the  clay  will  feparate  from  the 
water  and  fall  to  the  bottom,  as  there  is  no  chemi- 
cal combination  between  them.  In  all  cafes  of  real 
folution,  the  compound  becomes  tranfparent,  fo 
that  tranfparency  may  be  regarded  as  a  geneYal  cri- 
terion of  folution. 

When  a  liquid  has  diflblved  a  certain  quantity 
of  a  folid,  if  more  be  added,  it  will  not  be  diflblv- 
ed ;  the  liquid  is  then  faid  to  be  faturated  with  the 
folid. 

A  curious 
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A  curious  circumftance  takes  place  in  fome  in- 
ftances  of  folution,  which  is  not  ealily  accounted 
for.  When  a  fluid  has  diflblved  as  much  of  a  cer- 
tain folid  as  it  can,  it  will  ftill  diflblve  the  particles 
of  another  body  ;  and  when  it  is  faturated  with  this, 
it  will  diflblve  a  third,  and  fo  on.  This  is  however 
only  true  with  regard  to  fome  particular  folvents, 
for  in  others,  when  a  third  fubftance  is  added,  it 
cannot  be  diflblved,  unlefs  the  body  previoufly  dif- 
lblved mould  be  precipitated. 

When  fubftances  are  combined  which  dif- 
fer in  volatility,  they  may  be  feparated  by  heat, 
which  converts  the  more  volatile  body  into  vapour, 
while  the  lefs  volatile  remains.  Two  bodies  may 
likewife  be  feparated  from  each  other  by  the  addi- 
tion of  a  third  body ;  of  this  a  number  of  inftances 
may  be  given. 

There  are  few  fubftances  found  in  a  natural 
ftate,  whofe  conftituent  parts  cannot  be  feparated 
from  each  other,  by  fome  of  the  methods  ufed  in 
chemiltry.  One  of  the  principal  methods  confifts 
in  altering  the  temperature  of  bodies.  The  parts 
of  fome  bodies  are  feparated  from  each  other  by 
expofing  the  compound  body  to  a  great  degree  of 
cold,  when  fome  of  its  parts  will  congeal,  while  the 
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others  remain  fluid ;  but  the  purpofes  of  chemiftry 
are  in  general,  much  better  anfwered  by  raifing, 
than  by  lowering  the  temperature  of  bodies.  The 
mod  uiual  way  of  heating  bodies,  is  to  place  them 
in  communication  with  others  which  are  in  a  ftate 
of  combuftion.  The  veffels  and  furnaces  made  ufe 
of  for  thefe  purpofes,  are  various,  according  to 
their  feveral  applications. 

When  fubftances  of  considerable  fixity  are  to 
be  expoled  to  heat,  or  when  the  volatile  parts  of  bo- 
dies are  propofed  to  be  diflipated  into  the  air,  open 
veffels  are  ufed. 

The  common  culinary  utenfils  of  copper  or 
iron,  anfwer  thefe  intentions,  when  the  matter  to 
be  operated  on,  will  not  corrode  them.  Glafs  vef- 
fels are  the  moft  cleanly,  and  may  be  ufed  for  a 
great  variety  of  chemical  purpofes.  They  have  the 
advantage  of  relifting  the  moft  corroding  matters, 
and  their  tranfparency  affords  the  valuable  conve- 
nience of  feeing  the  changes  which  happen  within 
them. 

In  moft  operations  where  the  volatile  parts  of 
bodies  are  propofed  to  be  feparated  and  preferved, 
it  is  neceffary  to  ufe  clofe  veifels.    The  apparatus 
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generally  ufed  for  this  purpofe,  is  the  common  ftill. 
But  there  are  many  matters  required  to  be  diftilled, 
that  are  not  fufficiently  volatile  to  pafs  into  the  re- 
ceiver in  this  way.  In  Rich  cafes  the  refrigeratory 
is  omitted,  and  a  retort  is  ufed,  with  a  receiver  luted 
to  its  neck. 

The  conftrudion  of  furnaces  is  as  various  as 
the  purpofes  they  are  defigned  to  ferve.  A  lamp 
fupported  at  different  diftances  below  any  chemical 
veffel,  or  burning  with  a  variable  number  of  wicks, 
is  very  ufeful  when  moderate  degrees  of  heat  are 
intended  to  be  applied.  For  higher  degrees,  fur- 
naces of  different  conftructions  muft  be  ufed.  Che- 
mical veffels  may  be  plunged  to  a  greater  or  lefs 
depth  in  a  pot  placed  over  the  furnace,  containing 
fand,  water,  or  other  matter  capable  of  fuflaining 
heat.  Thefe  fubftances  interpofed  between  the 
veffel  and  the  fire,  compofe  what  is  called  by  che- 
mifts  a  bath,  and  are  very  ufeful  in  imparting  an 
uniform  heat,  not  fubjecl:  to  the  fudden  viciffitudes 
experienced  by  veffels  expofed  to  a  naked  fire. 
Without  this  contrivance,  glafs  veffels  would  often  fly 
and  crack.  Glafs  or  earthen  veffels  intended  to  fuf- 
tain  a  greater  heat  than  can  be  given  by  means  of 
a  bath,  muft  be  coated.    A  valuable  method  is 
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adopted  by  Mr.  Willis,  to  fecure  and  repair  his  re- 
torts ufed  in  the  diftillation  of  phofphorus. 

The  philofophical  chemift  may  in  general  per- 
form his  operations  without  the  abfolute  neceffity 
of  ufing  furnaces  conftrucled  on  purpofe,  or  prepa- 
ring any  large  apparatus  of  veflels.  A  tobacco- 
pipe  is  a  very  good  crucible,  with  which  many  ex- 
periments may  be  made  in  a  common  fire,  with 
the  affiftance  of  a  pair  of  bellows.  Common  cha- 
fing dimes,  or  the  larger  fort  of  black  lead  crucibles, 
may  be  applied  to  purpofes  of  extenfive  utility. — 
A  Florence  flafk  will  form  as  good  a  retort  as  can 
be  ufed,  and  a  phial  with  a  wide  neck,  luted  to  the 
flafk,  will  ferve  as  a  receiver. 

The  blow-pipe  is  an  inftrument  of  great  ufe  in 
the  chemical  examination  of  bodies,  particularly 
minerals.  The  advantages  attending  experiments 
with  this  inftrument,  are  many.  They  may  be 
made  in  a  very  fhort  time,  in  any  place,  by  an 
apparatus  that  admits  of  being  carried  in  the  pocket; 
the  quantity  required  of  any  material  is  fo  fmall, 
that  they  are  performed  at  very  little  expenfe,  and 
the  whole  procefs  is  vifible  from  the  beginning  to 
the  end.  If  inftead  of  air  from  the  lungs,  or  a  pair 
of  bellows,  oxygen  gas  be  ufed  with  the  blow-pipe, 
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a  greater  degree  of  heat  may  be  obtained,  than  by 
any  other  method  yet  difcovered.  In  making  ex- 
periments-on  gafes,  or  aeriform  fluids,  it  is  often 
neceflary  to  pour  them  out  of  one  veflel  into  ano- 
ther, and  to  mix  them  together ;  this  may  in  gene- 
ral be  done  under  water,  in  a  ciftern  proper  for 
the  purpofe,  fuch  as  Dr.  Prieftley  ufed  in  his  ex- 
periments on  airs.  But  many  kinds  of  air  combine 
with  water,  and  therefore  require  to  be  treated  in 
an  apparatus  in  which  mercury  is  made  ufe  of. 
This  fluid  being  very  ponderous,  and  of  confider- 
able  price,  motives  both  of  convenience  and  eco- 
nomy require  that  the  apparatus  mould  be  made 
much  fmaller  than  when  water  is  ufed.  • 
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The  earth  is  surrounded  or  encompafled  by  a  thin 
tranfparent,  invifible  fluid,  called  the  atmofphere, 
which  reaches  to  a  confiderable  height  above  its 
furface.  This  fluid,  though  invifible  to  us,  is  a 
real  fubftance,  as  appears  by  its  excluding  other 
fubftances  from  the  fpace  which  it  occupies.  It  is 
likewife  heavy,  and  prefles  with  confiderable  force, 
and  as  it  is  a  fluid,  it  prefles  like  other  fluids  equal- 
ly in  all  directions. 

The  weight  of  the  air  is  the  caufe  of  the  fuf- 
penfion  of  mercury  in  the  barometer,  and  of  the 
action  of  pumps.  The  weight  of  atmofpheric  air 
is  to  that  of  water  nearly  as  i  to  900,  and  the  at- 
mofphere  near  the  earth's  furface,  prefles  with  a 
weight  of  fifteen  pounds  upon  every  fquare  inch. 

As 
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As  air  is  an  elaftic  fluid,  it  is  capable  of  occu- 
pying more  or  lefs  fpace  according  to  the  preflure 
it  fuftains,  and  its  fpring  or  refiftance  is  always  pro- 
portioned to  that  preflure, 

Thefe  properties  are  called  the  mechanical  or 
phyfical  properties  of  the  air ;  but  whether  it  be  a 
Ample  homogeneous  fluid,  or  confifts  of  a  mixture 
of  gafes,  belongs  to  the  province  of  chemiftry  to 
afcertain.  Chemiftry  affords  two  general  methods 
of  determining  the  conftituent  principles  of  bodies, 
analyfis  and  fynthefis  ;  both  of  which  can  be  ufed 
in  the  raoft  fatisfactory  manner  in  our  inveftigati- 
ons  of  the  nature  of  atmofpheric  air.  *  From  fome 
ingenious  experiments,  M.  Lavoifier  has  proved, 
that  the  air  of  the  atmofphere  is  not  a  Ample  ho- 
mogeneous fluid,  but  confifts  of  two  elaftic  fluids, 
pofletfed  of  very  different  properties  ;  one  of  which 
fupports  combuftion,  and  animal  life  much  better 
than  common  air ;  and  the  other  is  incapable  of 
fupporting  either  for  an  inftant.  Thefe  two  fluids 
exift  in  the  atmofphere  in  the  proportion  of  twenty- 
feven  of  the  former,  to  feventy-three  of  the  latter. 

The  atmofphere  contains  fome  other  gafes,  or 
fubftances  capable  of  being  diffolved  or  fufpended 

in 


LECTURE  IX. 


in  it,  but  in  fmall  quantity,  and  thefe  are  the  two 
principal  fubftances  of  which  it  is  compofed. 

In  the  new  Nomenclature,  the  terms  are  taken 
chiefly  from  the  Greek  language,  in  fuch  a  manner 
as  to  make  their  etymology  convey  fome  idea  of 
what  is  meant  to  be  reprefented,  and  thefe  are 
made  fhort,  and  contrived  in  fuch  a  manner  as  to 
be  eafily  changeable  into  adjectives  and  verbs. 
Following  thefe  principles,  the  term  gas  has  been 
retained,  and  the  numerous  clafs  of  aeriform  elaf- 
tic  fluids  have  been  arranged  under  that  name. 
Gas  therefore  in  the  new  Nomenclature,  becomes 
a  generic  term,  expreffing  the  fulleft  degree  of  fa- 
turation  of  a  body  with  caloric.  To  diftinguifli 
each  fpecies  of  gas,  a  fecond  term  is  employed  for 
the  name  of  the  bafe,  which  faturated  with  caloric, 
forms  each  particular  gas. 

The  pure  part  of  the  atmofphere  is  called  oxygen 
gas,  from  the  moft  general  property  which  its  bafe 
.poffeffes  of  forming  acids,  by  combining  with  dif- 
ferent fubftances.  The  chemical  properties  of  the 
noxious  portion  of  the  atmofphere  being  but  little 
known,  the  name  of  its  bafe  is  taken  from  its  known 
quality  of  killing  animals,  and  is  therefore  called 
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azote.  Hence  the  name  of  the  noxious  part  of  the 
atmofpheric  air  is  azotic  gas. 

This  term  is  certainly  not  the  moft  proper  that 
might  have  been  chofen,  becaufe  it  does  not  point 
out  any  exclufive  chara&eriftic  of  the  fubftance, 
and  it  is  furprizing  that  the  authors  of  the  new  No- 
menclature did  not  call  it  nitrogen,  which  would 
have  been  unexceptionable,  and  perfectly  agreeable 
to  the  principles  on  which  the  new  Nomenclature 
is  founded. 

From  the  numerous  improvements  and  difco- 
veries  lately  made,  chemiftry  was  become  a  fcience 
of  the  utmoft  importance  -3  and  many  of  the  ancient 
terms  being  very  barbarous,  as  well  as  conveying 
falfe  ideas,  a  new  Nomenclature  became  highly 
neceflary. 

The  method  adopted  for  fixing  the  names  of 
compound  fubftances,  feems  fimple  and  natural  j 
as  will  appear  from  the  following  inftances. 

The  authors  of  the  new  Nomenclature  begin 
with  comprehending  under  a  general  denomination, 
the  combination  of  any  acid  with  its  different  bafes  ; 
and  in  order  to  fimplify  the  fubject,  and  aflift  the 
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memory,  they  have  given  the  fame  termination  to 
all  the  words  which  denote  the  combinations  of 
acids,  fuch  as  fulphat,  nitrat,  and  mariat^  to  denote 
the  combination  of  the  fulphuric,  nitric,  and  mu- 
riatic acids,  with  different  fubftances.  The  fpecies 
of  c  mbination  is  known  by  adding  to  this  generic 
name,  that  of  the  body  which  is  combined  with  the 
acid. 

Some  of  the  bodies  which  are  convertible  into  a- 
cids  by  union  with  oxygen,  are  capable  of  different 
degrees  of  faturation  with  that  principle,  by  which 
their  properties  become  altered.  When  a  body  is 
completely  fatu rated  with  oxygen,  the  termination 
is  ic,  as  the  fulphuric  acid,  but  when  it  is  combined 
with  it  in  a  fmaller  degree,  the  termination  is  ous> 
as  the  fulphurous  acid. 
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THE  difcovery  of  oxygen  gas  is  perhaps  the  moft 
important  that  ever  was  made  in  Chemiftry.  This 
elaftic  fluid  was  difcovered  by  Dr.  Prieftly  in  the 
year  1 7  74.  Since  that  time  it  has  been  extracted 
from  a  variety  of  fubftances. 

When  a  metal  is  expofed  to  the  air,  and  at  the 
fame  time  to  heat,  it  lofes  its  metallic  luftre,  and 
acquires  the  form  and  properties  of  an  earthy  fub- 
ftance.  If  this  change  be  produced  in  a  given 
quantity  of  atmofpheric  air,  the  calcination  can  on- 
ly be  carried  on  to  a  certain  degree ;  and  on  exa- 
mining the  air  which  remains,  we  mall  find  that 
it  has  loft  the  whole  of  its  oxygen,  and  that 
nothing  remains  but  the  azotic  gas.  If  we  examine 
the  metallic  calx,  we  mail  invariably  find  it  heavier 
than  the  metal  from  which  it  was  produced,  and 
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this  augmentation  of  weight  will  be  exactly  propor- 
tioned to  the  lofs  of  weight  fuftained  by  the  air. — 
Hence  it  appears  that  the  oxygen  of  the  air  becomes 
united  to  the  metal  during  calcination.  On  ex- 
pofing  the  calx,  or  oxyd  of  mercury  to  a  confidera- 
ble  heat,  the  metal  will  be  revived,  and  a  quantity 
of  oxygen  gas  may  be  procured  from  it.  If 
the  calcination  of  a  metal  be  performed  in  pure 
oxygen  gas,  it  will  go  on  much  more  rapidly  than 
in  atmofpheric  air,  and  if  the  quantity  of  metal  be 
fufficient,  all  the  air  will  be  abforbed, 

Since  oxygen  gas  contains  a  large  quantity  of 
caloric,  and  light,  in  a  latent  or  combined  ftate,  we 
mould  expect  that  when  the  oxygen  becomes  fixed 
in  a  metal ;  this  heat  and  light  would  become 
fenfible.  But  the  quantity  of  either  difengaged  in 
any  minute  portion  of  time,  is  fo  fmall  as  to  be  in- 
fenlible,  and  the  heat  becomes  confounded  with  that 
of  the  furnace.  This  difengagement  of  caloric  and 
light  however  is  very  fenfible  when  bodies  are  cal- 
cined in  pure  oxygen  gas.  If  a  piece  of  iron  be 
heated  and  plunged  into  this  gas,  it  burns  with 
great  brilliancy,  and  becomes  oxydated. 

But  though  pure  oxygen  gas  may  be  procured 
from  oxids  of  mercury,  merely  by  the  action  of  hear, 
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yet  the  oxvds  of  other  metals  cannot  be  reduced 
without  the  addition  of  fome  fubftance  to  which 
the  oxygen  has  a  greater  affinity  than  to  the  metal. 
If  charcoal  be  mixed  with  the  metallic  oxid,  it  will 
unite  with  the  oxygen  and  form  carbonic  acid,  which 
will  fly  off  in  the  form  of  gas,  while  the  metal  will 
be  reduced.  Hence  it  is  evident  that  rhe  calcina- 
tion of  metals  is  nothing  but  their  union  with  oxy- 
gen, and  is  therefore  properly  called  their  oxyda- 
tion.  This  is  very  different  from  the  theory  deli- 
vered by  Stahl,  and  fupported  by  his  followers. — 
They  imagined  metals  to  be  compofed  of  a  certain 
earth  which  they  called  their  calx,  and  phlogifton  ; 
during  the  calcination  they  fuppofed  the  phlogifton 
to  be  driven  off,  or  diffipated,  and  imagined  that  it 
could  not  be  reftored  to  them,  or  that  they  could 
not  be  revived,  unlefs  heated  in  contact  with  fome 
fubftance  which  they  fuppofed  to  contain  phlogif- 
ton. This  theory  was  however  attended  with  infur- 
mountable  difficulties,  and  involved  its  advocates 
in  continual  abfurdities.  The  mere  reduction  of 
mercurial  oxids  by  heat  alone,  is  of  itfelf  fufficient 
to  overturn  it. 

The  principal  phenomena  which  take  place  when 
combuftible  bodies  are  heated  in  contact  with  air, 
are  heat,  motion,  flame,  and  an  entire  change  of 
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the  nature  of  the  body  burned.  Some  bodies  burn 
with  very  great  rapidity,  others  more  flowly,  and 
others  without  any  apparent  motion  or  flame.  If 
combuftion  be  performed  in  fuch  a  manner  that  all 
the  products  formed  by  it  can  be  preferved  and  col- 
lected, thefe  products  are  always  heavier  than  the 
body  which  has  been  burned.  It  has  been  long 
known  that  combuftion  could  not  take  place  ex- 
cepting atmofpheric  air  was  prefent,  and  it  has  been 
expiained  in  various  ways. 

According  to  Lavoifier's  theory  it  appears,  that 
combuftion  differs  from  the  oxydation  of  metals, 
chiefly  in  its  being  more  rapid ;  and  in  the  products 
being  many  of  them  volatile  inftead  of  fixed.  This 
analogy  will  lead  to  an  eafy  explanation  of  combuf- 
tion. If  we  confider  a  familiar  inftance,  the  com- 
buftion of  coal  in  a  common  fire,  we  fhall  find 
that  it  will  be  firft  neceflary  to  apply  heat,  becaufe 
the  combuftible  body  is  not  difpofed  to  combine 
with  oxygen,  till  the  cohefion  of  its  particles  are 
diminifhed  by  caloric.  When  this  is  done  to  a  cer- 
tain degree,  the  coal  combines  rapidly  with  oxygen, 
and  during  the  combination,  the  oxygen  gives  out 
the  heat  and  light  which  preferved  it  in  the  form 
of  gas.  Though  a  great  weight  of  coal  is  confum- 
ed,  and  only  a  few  afhes  left  behind,  yet  if  all  the 
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volatile  produ&s  be  collected,  we  (hall  always  find 
them  heavier  than  the  coal  was  before  combuftion. 

Oxygen  gas  contains  a  much  greater  quantity 
of  combined  caloric  than  any  other  fubftance  with 
which  we  are  acquainted ;  but  carbonic  acid  gas 
has  a  much  lefs  capacity  for  heat  than  oxygen  gas ; 
when  therefore  oxygen  gas  combines  with  charcoal, 
part  of  its  heat  remains  latent,  and  preferves  the 
carbonic  acid  which  is  formed  in  a  gafeous  ftate, 
while  a  confiderabie  portion  aflumes  the  form  of 
fenfible  heat. 

From  this  theory  of  combuftion,  we  are  ena- 
bled to  explain  a  variety  of  phenomena ;  for  inftance, 
why  the  direct  light  of  the  fun  puts  out  a  fire  -}  why 
a  fire  burns  brighter  in  frofty  weather,  &c.  When 
oxygen  in  the  form  of  gas  unites  with  a  combufti- 
ble  body  likewife  in  the  form  of  gas,  the  combina- 
tion is  very  rapid  ;  and  as  the  compound  which  is 
formed  generally  occupies  much  lefs  fpace  than  the 
two  fubftances  did,  a  vacuum  will  be  formed  j  and 
the  furrounding  air  rufhing  in  from  all  fides  to  re- 
plenifh  the  vacuum,  caufes  a  very  loud  report. 
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From  what  has  been  faid,  it  is  evident  that  oxygen 
has  a  greater  affinity  for  metals  heated  to  a  certain  de- 
gree, than  for  caloric  in  confequence  of  which  all  me- 
tallic bodies,  except  gold,  filver,  and  platina,  have 
the  property  of  decompofing  oxygen  gas,  by  at- 
tracting its  bafe  from  the  caloric  with  which  it  was 
combined.  The  affinity  of  combuftible  bodies  for 
oxygen  is  greater  than  that  of  metals  for  the  fame 
fubftance,  they  therefore  unite  with  it  rapidly,  and 
in  combining  with  them,  the  oxygen  gives  out  a 
great  part  of  the  light  and  caloric  which  fupported 
it  in  the  ftate  of  gas.  Though  moft  combuftible  bo- 
dies require  to  be  heated  before  they  combine  with 
oxygen,  yet  fome  of  them  have  fo  ftrong  an  attrac- 
tion for  it,  that  they  will  unite  with  it  in  the  ordi- 
nary temperature  of  the  atmofphere. 

7    The 


LECTURE  XI.  6 1 

The  following  laws  may  be  deduced  from  what 
has  been  faid  concerning  combuftion. 

1.  Combuftion  cannot  take  place  without  the 
prefence  of  oxygen. 

2.  In  every  inftance  of  combuftion  there  is  an 
abforption  of  oxygen. 

3.  In  the  produces  of  combuftion  there  is  al- 
ways an  augmentation  of  weight,  equal  to  the 
quantity  of  oxygen  abforbed. 

4.  In  every  inftance  of  combuftion,  light  and 
heat  are  difengaged. 

The  phenomena  of  combuftion  may  be  diftm- 
guiftied  into  three  ftates,  ignition,  inflammation, 
and  detonation.  The  firft  takes  place  when  the 
combuftible  body  is  not  in  an  aeriform  ftate,  nor 
capable  of  affuming  that  ftate  ;  the  fecond  when  the 
combuftible  body  in  the  form  of  vapour,  or  gas, 
comes  in  contact  with  oxygen  gas.  The  third  is  a 
fudden  inflammation,  which  occafions  a  noife  by 
the  inftantaneous  formation  of  a  vacuum.  In  the 
greateft  number  of  inftances  in  which  detonation 
takes  place,  this  phenomenon  is  produced  by  the 
combuftion  of  hydrogen  gas  with  oxygen. 
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When  we  confider  the  phenomena  of  refpirati- 
on,(  we  mall  find  them  very  analogous  to  thofe  of 
combuftion.  A  candle  will  not  burn,  nor  an  ani- 
mal live,  in  an  exhaufted  receiver.  When  a  candle 
is  confined  in  a  given  quantity  of  atmofpheric  air, 
it  will  burn  only  for  a  certain  time  ;  and  on  ex- 
amining the  air  in  which  it  has  burned,  the  oxygen 
gas  is  found  to  be  all  extracted,  nothing  remaining 
but  azotic  gas,  and  a  quantity  of  carbonic  acid  gas  ; 
in  the  fame  manner,  if  an  animal  be  confined  in  a 
given  quantity  of  atmofpheric  air,  it  will  live  only 
a  lnort  time,  and  the  air  will  have  loft  its  oxygen, 
nothing  remaining  but  azotic  and  carbonic  acid 
gas. 

A  candle  will  burn,  and  an  animal  live  much 
longer  in  pure  oxygen  gas,  than  in  the  fame  quanti- 
ty of  atmofpheric  air. 

From  confidering  the  phenomena  attendant  on 
refpiration,  we  may  lay  down  the  following  general 
proportions. 

i.  An  animal  cannot  live  unlefs  it  be  fupplied 
with  oxygen. 

z.  All  animals  do  not  require  air  of  the  fame 
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purity;  birds  require  air  of  greater  purity  than 
man,  or  animals  which  live  upon  the  furface  of  the 
earth;  and  thofe  animals  which  live  principally 
under  ground,  or  which  pafs  the  winter  in  a  torpid 
ftate,  require  an  air  much  lefs  pure  than  other 
animals. 

3.  The  mode  of  refpiration  is  different  in  differ- 
ent animals. 

The  air  which  has  ferved  for  refpiration  is  found 
to  contain  a  mixture  of  azotic  and  carbonic  acid 
gas,  with  a  fmall  quantity  of  oxygen  gas,  and  a 
confiderable  quantity  of  water  is  thrown  off  from 
the  lungs  in  refpiration. 

From  a  variety  of  facts  it  appears,  that  oxygen 
gas  is  decompofed  in  the  lungs  during  refpiration ; 
a  part  of  the  oxygen  unites  with  the  iron  contained  in 
the  blood,  and  converts  it  into  an  oxyd;  another  and 
greater  portion  unites  with  the  carbon  brought  by 
the  venous  blood  to  the  lungs,  and  forms  carbonic 
acid  gas,  while  another  portion  of  the  oxygen  unites 
with  the  hydrogen  brought  in  the  fame  manner, 
and  forms  water. 

A  portion  of  this  oxygen  which  unites  with  the 
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iron  and  hydrogen,  becomes  fixed  on  thefe  fubftan- 
ces,  and  gives  out  the  heat  which  fupported  it  in  a 
gafeous  ftate,  while  the  remainder  forming,  carbonic 
acid  gas,  which  has  a  lefs  capacity  for  heat  than 
oxygen  gas,  gives  out  a  part  of  its  caloric.  Thus 
refpiration  is  the  caufe  of  a  continual  extrication 
of  heat  in  the  lungs,  which  being  conveyed  by  the 
blood  to  all  parts  of  the  body,  is  a  conftant  fource 
of  heat  to  the  animal.  We  may  therefore  confider 
refpiration  as  an  operation  in  which  oxygen  gas  is 
continually  pafling  from  the  gafeous  to  the  concrete 
ftate  j  it  will  therefore  give  out  at  every  inftant,  the 
heat  which  it  held  in  combination. 

Thefe  facts  enable  us  to  explain  the  reafon  why 
an  anfmal  preferves  nearly  the  fame  temperature 
notwithftanding  the  various  changes  which  occur  in 
the  temperature  of  the  furrounding  atmofphere, 
which  enables  the  human  body  to  bear  viciffitudes 
that  would  otherwife  deftroy  it.  They  likewife 
enable  us  to  account  for  the  difference  of  heat  in 
different  claffes  of  animals ;  their  heat  being  always 
proportioned  to  the  quantity  of  oxygen  gas  which 
they  decompofe. 

Combuflion  and  refpiration  are  continually  di- 
minifhing  the  quantity  of  oxygen  contained  in  the 
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atmofphere  ;  if  therefore  the  wife  author  of  nature 
had  not  provided  for  its  continual  reproduction,  the 
air  muft  foon  become  too  impure  to  fupport  life  5 
but  vegetables  abforb  water  and  carbonic  acid  gas, 
which  fubftances  they  decompofe,  and  appropriating 
the  hydrogen  of  the  former,  and  the  carbon  of  the 
latter  to  their  nourilhment,  exhale  the  oxygen  gas 
in  a  very  pure  ftate  : — thus  animals  and  vegetables 
work  the  one  for  the  other,  and  by  this  admirable 
reciprocity,  the  atmofphere  is  always  kept  fufHcient- 
ly  pure,  and  the  equilibrium  of  its  component  parts 
eonftantly  maintained. 
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IN  the  laft  le&ure  it  was  hinted,  that  part  of  the 
oxygen  received  into  the  lungs,  combined  with  the 
iron  which  exifts  in  the  blood ;  and  it  will  not  per- 
haps be  improper  to  examine  this  idea  more  accu- 
rately. 

That  iron  exifts  in  the  blood,  may  be  proved 
from  a  variety  of  circumftances ;  and  particularly 
by  the  chemical  analyfis  of  that  fluid.  This  iron 
may  be  conveyed  into  the  blood,  by  the  articles  of 
food,  moft  of  which  contain  fome  portion  of  this 
metal,  though  fmall ;  but  it  is  more  probable  that 
the  greateft  part  of  the  iron  found  in  this  fluid,  is 
the  product  of  animal  organization ;  indeed  feveral 
fa£ts  may  be  produced,  that  feem  to  mow,  that 
the  greateft  part  of  the  iron  which  exifts  in  nature, 
has  been  formed  by  vegetable  and  animal  procefTes. 

It 
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It  appears  likewife  that  the  red  colour  of  the 
blood  depends  upon  the  oxydation  of  this  iron, 
which  that  fluid  contains  in  a  ftate  of  extreme  di- 
vifion.  If  the  coagulable  lymph  and  ferum  be 
carefully  freed  from  the  red  particles  by  warning, 
the  ftridteft  analyfis  will  not  difcover  in  either  of 
them  a  particle  of  iron,  while  the  red  particles  thus 
feparated,  confift  almoft  entirely  of  this  metal. 

That  the  red  colour  of  the  blood  depends  upon 
the  combination  of  its  ferruginous  particles  with 
oxygen,  appears  from  the  beautiful  experiments  of 
Menghini,  Thouvenel,  Prieftley,  &c. 

It  feems  moft  probable,  that  the  blood,  dur- 
ing its  circulation  through  the  lungs,  becomes 
combined  with  oxygen  ;  that  this  oxydated  blood, 
on  its  return  to  the  heart,  is  circulated  by  the  ar- 
teries to  all  parts  of  the  body  and  that  during  this 
circulation,  its  oxygen  is  extracted  from  it,  by  thofe 
parts  of  the  body  with  which  it  comes  in  contact  : 
it  is  then  brought  back  to  the  heart  by  the  veins,  of 
a  dark  colour,  and  deprived  of  the  greateft  part  of 
its  oxygen.  The  effe&s  of  oxygen  on  the  blood 
are  well  illuftrated  by  what  takes  place  while  an  a- 
nimal  is  drowning.  The  oxygen  is  gradually  fub- 
traded  from  the  blood,  during  its  circulation,  and 
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there  being  no  means  by  which  that  fluid  can  re- 
cover this  principle,  its  colour  gradually  becomes 
darker,  till  both  the  arterial  and  venous  blood 
is  become  almoft  black.  Along  with  this  ab- 
ftraction  of  oxygen,  the  animal  becomes  more  and 
more  feeble,  and  in  a  few  minutes  dies.  If  imme- 
diately before  death,  the  lungs  be  laid  open,  that 
we  may  obferve  what  takes  place,  and  if  a  quan- 
tity of  oxygen  gas  be  injected  through  the  wind- 
pipe, we  immediately  fee  that  the  blood  acquires  a 
red  colour,  and  circulates  towards  the  heart ;  which 
organ,  as  foon  as  the  oxydated  blood  arrives  at  it, 
recovers  its  irritability,  and  by  contracting,  circu- 
lates the  blood  as  ufual. 

Hence  it  would  feem,  that  the  production  of 
animal  heat  is  not  the  moft  important  office  of  ref- 
piration ;  for  it  is  not  improbable  that  irritability, 
or  the  vital  principle,  is  continually  communicated 
to  the  body  by  thefe  means. 

That  this  is  the  cafe  would  appear  from  feveral 
experiments  made  by  Dr.  Girtanner,  and  from  the 
accurate  obfervations  of  Lind  and  Trotter,  on  the 
cafes  of  fcorbutic  patients,  as  well  as  the  blue  boy 
mentioned  by  Dr.  Sandifort;  in  all  which  it  appears, 
that  a  diminution  of  oxygen  is  accompanied  by  a 
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diminution  of  irritability,  or  excitability,  and  that 
this  irritability  is  reftored  by  reftoring  the  oxyge- 
nous principle. 

How  multiplied  and  important  are  the  parts 
acted  by  this  principle  on  the  theatre  of  nature  ! 
When  combined  with  hydrogen,  it  forms  watery  in 
its  union  with  combuftible  bodies,  it  gives  out  heat 
and  light,  without  which  we  fhould  not  be  able 
to  perform  the  raoft  important  operations  of  life  :  it 
likewife  forms  different  acids  of  the  greateft  utility 
in  the  arts.  When  received  by  animals  into  the 
lungs,  it  is  the  caufe  of  their  heat,  and  fupplies 
them  with  irritability. 

The  irritability  thus  fupplied  by  the  lungs,  is 
continually  wafted  by  mufcular  exertion,  and  the 
aftion  of  different  ftimuli.  This  has  been  inge- 
nioufly  fhown  by  Dr.  Brown,  and  as  it  is  a  fubjeft 
of  great  importance  in  the  philofophy  of  living  mat- 
ter, it  may  not  be  improper  to  point  out  fome  of 
the  laws  by  which  living  bodies  are  governed. 

I  Living  bodies,  befides  their  organization,  dif- 
fer from  dead  matter,  in  the  property  of  being  act- 
cd  on  or  excited  by  external  powers,  in  fuch  a  man- 
ner  as  to  produce  the  living  functions ;  they  muft 

therefore 
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therefore  poflefs  fome  property  diftinct  from  dead 
matter,  which  renders  them  capable  of  being  thus 
acted  on  by  external  powers. — This  property  has 
been  called  excitability^  or  irritability. 

II.  When  the  powerful  action  of  the  exciting 
powers  ceafes  for  fome  time,  the  excitability  accu- 
mulates, or  becomes  more  capable  of  receiving 
their  action,  and  is  more  powerfully  affected  by 
them.  If  the  action  of  the  different  exciting  pow- 
ers which  fupport  life  be  examined,  we  mail  find 
abundant  confirmation  of  this  law.  If  light,  heat, 
food,  &c.  be  withdrawn  for  fome  time,  they  act 
much  more  powerfully  when  applied  again. 

III.  When  the  exciting  powers  have  acted  with 
violence,  or  lor  a  confiderabie  time,  the  excitabi- 
lity becomes  exhaufted,  or  lefs  fit  to  be  acted  on. 
The  truth  of  this  law  may  be  proved  by  a  fimilar 
induction. 

This  exhauftion  of  the  excitability  may  be  ei- 
ther finite,  or  temporary.  When  the  exciting  powers 
are  continually  and  violently  applied,  they  entirely 
exhauft  the  excitability,  and  produce  death ;  but 
we  find  that  this  principle  may  be  exhaufted  for  a 
time,  and  accumulated  again.     When  we  have 
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been  engaged  in  any  exertion,  either  mental  or 
corporeal,  for  fome  hours  only,  we  find  ounelves 
fatigued,  and  unfit  to  purfue  our  labours  much 
longer;  if  now  fome  of  the  exciting  powers  be  with- 
drawn, and  if  we  are  laid  in  a  pofture  which  does 
not  require  much  mufcular  exertion,  we  foon 
fall  into  that  ftate  which  nature  intended  for  the 
accumulation  of  excitability,  and  which  we  call 
fleep.  In  this  ftate  many  of  the  exciting  powers 
cannot  act  upon  us,  unlefs  applied  with  fome  vio- 
lence, and  we  are  infenfible  of  their  moderate  ac- 
tion. 

When  the  action  of  thefe  powers  has  been  iuf- 
pended  for  fix  or  eight  hours,  the  excitability  is  a- 
gain  capable  of  being  acted  on,  and  we  rife  frefli 
and  vigorous,  and  fit  to  engage  in  our  occupations. 

From  what  has  been  faid,  it  is  evident,  that  there 
are  three  ftates  in  which  living  bodies  exift. —  i.  A 
ftate  of  accumulated  excitability. — 2.  A  ftate  of  ex- 
haufted  excitability. — 3.  When  it  is  <in  fuch  a 
ftate  as  to  produce  the  ftrongeft  and  moft  healthy 
actions,  when  acted  on  by  the  external  powers.  It 
appears  likewife,  that  life  depends  on  the  action  of 
external  powers  on  the  excitability  ;  and  that  by 
rheir  continued  action,  if  they  be  properly  regulat- 
ed. 
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ed,  the  excitability  will  be  gradually,  and  as  it 
were  infenfibly  exhaufted,  and  life  will  be  refigned 
into  the  hands  of  him  who  gave  it,  without  a  ftrug- 
gle,  and  without  a  groan.  But  as  it  often  happens 
that  we  have  not  the  power  of  regulating  the  action 
of  thefe  powers,  and  frequently  neglect  it  when  we 
have  ;  thofe  deviations  from  the  third  ftate,  called 
difeafes,  take  place,  which  it  is  not  our  bulinefs  to 
confider  in  this  courfe  of  lectures. 
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HYDROGEN,  combined  with  caloric,  forms  hy- 
drogen gas  i  this  fubftance,  which  was  formerly  called 
inflammable  air,  was  difcovered  by  Mr.  Cavendifh  in 
the  year  1767.  Its  bafe  is  called  hydrogen,  becaufe 
it  is  one  of  the  component  parts,  or  more  properly 
the  bafe  of  water.  It  may  be  procured  from  feve- 
ral  fubftances,  of  which  it  forms  a  constituent  part, 
but  is  obtained  in  the  moft  pure  ftate  from  the  de- 
compofition  of  water  by  means  of  metals. 

Metallic  fubftances  will  not  decompofe  water 
while  cold,  unlefs  aflifted  by  an  acid,  in  which  cafe 
the  water  is  very  readily  decompofedj  its  oxygen, 
oxydating  the  metal,  and  the  hydrogen  flying  off  in 
the  form  of  gas. 
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M.  Lavoifier  has  proved,  that  when  85  parts  of 
oxygen  gas  are  burned  with  15  of  hydrogen  gas, 
both  gafes  vanifh,  .and  100  parts  of  water  are  form- 
ed ;  and  if  100  parts  of  water  are  made  to  pafs 
through  a  red  hot  iron  tube,  1 5  parts  of  hydrogen 
gas  will  be  procured,  while  the  infide  of  the  tube 
will  be  found  converted  into  an  oxyd,  and  to  have 
gained  8  5  parts  in  weight. 

Hydrogen  gas  is  combuftible  in  an  eminent  de- 
gree ;  yet  it  will  not  burn,  unlefs  in  contact  with 
oxygen.  When  pure,  and  in  contact  with  at- 
mofpheric  air,  it  burns  with  a  lambent  flame.  It 
burns  rapidly  when  intimately  mixed  with  atmo- 
fpheric  air,  in  fuch  a  manner  that  each  particle  of 
hydrogen  gas  may  be  furrounded  by  particles  of 
atmofpheric  air.  Fire  works  without  fmoke  or 
noife,  are  made  by  means  of  hydrogen  gas.  It 
is  about  twelve  times  lighter  than  common  air,  and 
on  this  property  depends  the  principles  of  aerofta- 
tion.  Charcoal,  when  ignited,  will  decompofe  wa- 
ter, but  the  hydrogen  gas  procured  in  this  manner 
is  never  pure,  being  always  mixed  with  carbonic 
acid  gas.  Thefe  gafes,  though  poffefTed  of  very 
different  fpecific  gravities,  do  not  eafily  feparate 
from  each  other,  but  form  by  the  attraction  of  their 
particles,  a  compound  elaftic  fluid  called  hydrocar- 
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bonic  gas.  It  is  this  aeriform  fluid  which  floats  fre- 
quently on  marfhes,  and  being  fet  on  fire  by  elec- 
tricity, or  other  means,  gives  rife  to  the  ignis  fa- 
tuus. 

Hydrogen  gas  is  improper  for  refpiration.  An 
animal  immerfed  in  it  is  killed  in  the  fame  manner 
as  when  immerfed  in  azotic  gas.  This  however 
does  not  feem  to  depend  upon  any  pofitive  noxious 
quality  which  this  gas  pofiefTes,  but  merely  on  its 
excluding  oxygen  gas.  When  hydrogen  gas  is 
mixed  with  about  one-third  of  its  quantity  of  oxygen 
gas,  it  may  be  breathed  without  inconvenience. 

Hydrogen  gas  is  frequently  found  in  great  abun- 
dance in  coal  mines ;  where  it  is  fometimes  gene- 
rated fuddenly,  and  becomes  mixed  with  the  at- 
mofpheric  air  of  thefe  fubterraneous  cavities.  If 
a  lighted  candle  be  brought  in,  this  mixture  often  ' 
explodes  in  the  moft  violent  manner.  It  is  called 
by  miners  the  fire-damp.  Methods  have  however  . 
been  contrived  to  prevent  its  dreadful  effects. 

Hydrogen  gas  is  capable  of  diffolving  fomc 
combuftible  bodies,  particularly  fulphur  and  phof- 
phorus ;  and  when  united  to  thefe,  it  feems  to  ac- 
quire new  properties.    When  united  to  fulphur  it 

forms 
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forms  fulphurated  hydrogen  gas,  or  that  fluid  which 
is  contained  in  confiderable  quantity  in  fulphurous 
mineral  waters.  This  gas  blackens  metallic  fub- 
ftances,  is  very  foluble  in  water  ;  is  unfit  for  refpi- 
ration  ;  and  turns  vegetable  blues  green. 

The  union  of  hydrogen  gas  and  phofphorus  is 
called  phofphorated  hydrogen  gas.  This  elaftic 
fluid  has  a  very  foetid  fmell,  is  improper  for  ref- 
piration,  and  takes  fire  fpontaneoufly  on  coming  in 
contact  with  the  air,  accompanied  with  an  explofi- 
on.  It  is  probably  to  a  difengagement  of  gas  of  this 
kind,  that  we  ought  to  attribute  the  ignes  fatui 
which  play  about  burying  grounds,  and  in  general 
about  places  where  animals  are  putrifying. 

There  is  probably  a  ftratum  of  hydrogen  gas  in 
the  fuperior  regions  of  the  atmofphere,  the  union 
of  which  with  oxygen  will  form  water,  and  may 
produce  meteors. 
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WE  have  feen  that  the  atmofphere  is  compofed  of 
two  gafes  or  elaftic  fluids,  the  firft  which  is  called 
oxygen  gas,  conftitutes  nearly  one-fourth  of  the  at- 
mofphere ;  the  latter  about  three-fourths.  The  firft 
is  compofed  of  light,  caloric,  and  oxygen  ;  the 
latter  alfo  is  compofed  of  caloric,  and  a  particu- 
lar bafe,  capable  of  becoming  folid,  called  azote. — 
This  fubftance  united  to  different  bafes,  forms 
alkalies,  and  hence  may  be  looked  upon  as  a  real 
alkaligen,  or  alkalizing  principle,  in  oppofition  to 
oxygen,  which  is  the  principle  of  acidity.  The 
atmofphere  therefore  is  an  immenfe  refervoir  of  the 
principles  of  acidity  and  alkalefcency,  without  be- 
ing itfelf  either  acid  or  alkaline. 

Azotic  gas  may  be  obtained  pure  by  various 
means  j  particularly  by  expofing  certain  fubftances 

to 
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to  atmofpheric  air,  which  abforb  its  oxygen.  As 
it  has  been  proved  that  azote  united  with  hydrogen 
forms  ammoniac,  or  the  volatile  alkali,  and  as  it  is 
highly  probable  that  the  other  alkalies  are  compofed 
of  earthy  bafes  united  to  this  fubftance,  it  will  be 
neceffary  here  to  confider  the  properties  of  the  dif- 
ferent alkalies. 

The  general  properties  of  alkalies  are  the  fol- 
fowing  : 

1.  Their  tafte  is  acrid,  burning,  and  urinous. 

2.  They  change  the  blue  colours  of  fome  vege- 
table infufions  to  green. 

3.  When  mixed  with  flinty  fubftances,  and  ex- 
pofed  to  a  confiderable  heat,  they  form  glafs. 

4.  They  render  oils  mifcible  with  water ;  effer- 
vefce  with  fome  of  the  acids,  and  form  neutral  falts 
with  all  of  them. 

Alkalies  are  divided  into  fixed  and  volatile. — 
There  are  two  fpecies  of  fixed  alkali :  the  vegetable 
alkali,  or  potato,  and  the  mineral  alkali  or  foda.— 
The  vegetable  alkali  may  be  extracted  from  various 
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fubftances,  but  chiefly  from  the  afties  of  vegetables 
and  tartar ;  when  purified,  it  is  generally  known 
under  the  name  of  fait  of  tartar. 

The  mineral  alkali,  or  foda,  is  the  bafe  of  fea 
fait.  It  may  be  procured  from  this  fait  by  various 
means,  but  is  molt  ufually  procured  from  the  afhes 
of  marine  plants.  This  alkali  differs  from  the  vege- 
table in  the  following  particulars. — 1.  Itislcfs  caus- 
tic.— 2.  It  efflorefces  in  the  air  inftead  of  attracting 
moifture  from  it. — 3.  It  forms  octoedral  inftead  of 
quadrangular  cryftals. — 4.  It  forms  different  neu- 
tral falts  with  the  fame  acids. 

Thefe  alkalies,  in  the  ftate  we  generally  meet 
with  them  in  commerce,  are  not  pure,  but  really 
neutral  falts,  being  combined  with  the  carbonic  a- 
cid  j  and  it  is  only  by  a  particular  management 
that  we  can  procure  them  in  a  pure  and  uncom- 
bined  ftate.  The  carbonic  acid  may  be  feparated 
from  them,  by  prefenting  to  them  any  fubftance 
which  has  a  ftronger  attraction  for  that  acid.—* 
The  alkalies  thus  freed  from  carbonic  acid  are 
faid  to  be  cauftic.  In  this  ftate  they  unite  rea- 
dily with  fats  and  oils,  and  form  foap.  The  fixed 
alkalies  combine  with  fulphur  by  fufion,  and  form 
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fulphurets.  Thefe  alkaline  fulphurets  diflblve  me- 
tals, even  gold  itfelf. 

From  the  experiments  of  Thouvenel  and  Chap- 
tal,  on  the  formation  of  nitre,  as  well  as  fome  others 
lately  made  with  the  oxygenated  muriat  of  potafli, 
there  is  reafon  to  conclude  that  the  combination  of 
azote  with  lime,  forms  potafli,  while  its  union  with 
magnefia  forms  foda. 

The  volatile  alkali,  or  ammoniac,  is  diftinguifh- 
ed  from  the  fixed  alkalies,  by  its  penetrating  odour, 
and  remarkable  volatility.    This  alkali  is  obtained 
in  great  abundance  from  animal  fubftances,  and 
particularly  from  the  horns :  but  the  greatefl  part 
of  the  volatile  alkali  in  ufe  is  produced  from  the 
decompofition  of  fal  ammoniac,  or  the  muriat  of 
ammoniac,  by  diftilling  this  fait  in  contact  with 
fome  fubftance,  which  by  its  fuperior  affinity  dif- 
lodges  the  volatile  alkali  from  the  muriatic  acid. 
When  quicklime  is  ufed  for  this  purpofe,  the  vola- 
tile alkali  is  obtained  in  the  form  of  gas  and  cauf- 
tic.    From  feveral  experiments  made  by  M.  Ber- 
tollet  and  Dr.  Auftin,  it  has  been  proved  that  am- 
moniac is  compofed  of  hydrogen  and  azote.  Ac- 
cording to  the  analyfis  of  the  former,  iooo  parts 
of  ammoniac  are  compofed  of  807  of  azote,  and 
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j 93  of  hydrogen.  Azote  combined  with  oxygen 
forms  the  nitric  acid,  but  before  we  examine  its 
nature,  it  will  be  beft  to  take  a  view  of  the  ge- 
neral properties  of  acid  bodies,  which  will  be  found 
to  be  the  following — 

1.  They  excite  a  particular  fenfation  on  the 
palate  which  we  call  four. 

2.  They  change  the  blue  colours  of  vegetables 
into  red. 

3.  All  of  them,  excepting  the  carbonic  acid, 
efFervefce  with  the  mild  alkalies. 

M.  Lavoifier  has  proved,  by  an  accurate  ana- 
lyfis  of  the  greater  part  of  known  acids,  that  oxygen 
forms  the  principle  of  all,  and  that  their  difference 
from  each  other  depends  on  thefubftance  combined 
with  the  oxygen.  The  adhefion  of  oxygen  to  the 
bafe  is  more  or  lefs  ftrong  in  different  acids,  in 
confequence  of  which  they  are  more  or  lefs  eafily 
decompofed. 

It  has  been  proved  both  by  analyfis  and  fynthe- 
fis,  that  the  nitric  acid  is  compofed  of  four  parts  of 
oxygen,  and  one  of  azote,  chemically  combined. 
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This  acid  corrodes  and  diflblves  with  great  avidity 
copper,  iron,  zinc,  tin,  and  fome  other  metals ; 
and  in  thefe  operations  becomes  decompofed  ;  its 
oxygen  oxydates  the  metal,  while  the  azote,  ftill 
combined  with  a  fmall  portion  of  oxygen,  forms 
nitrous  gas,  or  gafeous  oxyd  of  azote. 

This  acid  is  never  found  pure,  but  always  in  & 
flate  of  combination,  moft  commonly  with  potafh, 
forming  nitrat  of  potafh,  or  common  nitre.  From 
this  fait  it  is  extracted  for  ufe,  by  means  of  the 
fulphuric  acid,  which  difloges  the  nitric  acid 
from  the  alkali,  by  its  greater  affinity.  What 
remains  in  the  retort  is  fulphat  of  potafh  ;  the 
nitric  acid  paffes  over  into  the  receiver,  and  is 
purified  if  neceflary  by  various  means. 
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NlTRIC  acid  acts  powerfully  on  inflammable  and 
metallic  fubftances,  and  during  this  action  it  be- 
comes decompofed ;  a  part  of  its  oxygen  unites 
with  the  inflammable  fubftance,  while  the  azote,  uni- 
ted to  a  fmaller  portion  of  oxygen,  flies  off  in  red 
fumes,  which  may  be  received  under  a  pneumatic 
apparatus,  being  the  gafeous  oxyd  of  azote,  or 
what  has  been  generally  called  nitrous  gas.  This 
gas  is  fomevvhat  lighter  than  common  air,  and  is 
improper  for  refpiration  and  combuftion.  Oxygen 
gas  combines  with  it  very  rapidly,  converting  it 
into  nitric  acid  ;  atmofpheric  air  produces  the  fame 
effect,  but  more  ilowly.  This  combination  of  oxy- 
gen and  nitrous  gas,  prefents  many  important  and  in- 
teresting phenomena.  The  more  pure  the  air  is,  the 
more  rapid  and  remarkable  are  thefe  phenomena  ; 
and  on  this  principle  has  been  conrrived  an  eudio- 
meter, 
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meter,  or  inftrument  for  afcertaining  the  purity  of 
the  atmofphere.  When  azote  is  combined  with  a 
fmall  portion  of  oxygen,  it  forms  this  gas,  when 
more  oxygen  is  added,  it  forms  the  fuming  nitrous 
acid,  and  when  fully  faturated  with  this  principle, 
nitric  acid  is  produced. 

Nitric  acid  combines  with  various  fubftances, 
forming  falts,  which  are  called  nitrats  :  thofe  form- 
ed by  the  nitrous  acid  being  called  nitrites.  The 
moft  important  combination  is  the  nitrat  of  potafh, 
or  common  nitre.  This  fait  is  produced  in  confi- 
derable  quantity  in  many  parts  of  the  world,  by  ex- 
pofing  putrifying  animal  fubftances  in  contact  with 
lime.  The  lime  uniting  with  the  azote  of  the  ani- 
mal fubftance,  probably  forms  potafli ;  and  the  com- 
bination of  the  azote  from  the  fame  fource,  with  the 
oxygen  of  the  atmofphere,  produces  nitric  acid. 
A  confiderable  part  however  of  the  nitric  acid  thus 
formed,  is  combined  with  lime,  which  bafe  is 
exchanged  for  an  alkaline  bafe  to  convert  it  into 
nitre.  It  is  afterwards  purified  by  folution  and 
cryftallization. 

When  nitrat  of  potafh  is  diflilled  in  a  red  heat, 
12000  cubic  inches  of  oxygen  gas  may  be  procur- 
ed from  a  pound  of  it.    One  hundred  parts  of  this 
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fait  are  compofed  of  thirty  of  nitric  acid,  lixty-three 
of  potafh,  and  feven  of  water. 

If  feventy-five  parts  of  nitre,  nine  and  a  half  of 
fulphur,  and  fifteen  and  a  half  of  charcoal,  be  mix- 
ed together,  it  forms  gunpowder ;  the  effects  of 
which  depend  on  the  rapid  and  inftantaneous  de- 
compofition  of  the  nitre,  and  the  combufhion  of 
the  fulphur  and  charcoal  by  means  of  its  oxygen. 

The  nitric  acid  combined  with  the  mineral  al- 
kali forms  nitrat  of  foda,  and  with  ammoniac,  ni- 
trat  of  ammoniac ;  falts  which  are  not  much 
known.  1 

Charcoal  is  placed  among  the  elementary  bo- 
dies, becaufe  we  have  not  yet  by  any  means  been 
able  to  decompofe  it.  It  forms  the  fkeleton  of  ve- 
getables, or  their  woody  fibre.  The  microfcope  difco- 
vers  a  furprizing  number  of  pores  in  charcoal,  Dr. 
Hook  calculated  that  a  piece  of  charcoal  of  an  inch 
in  diameter,  contains  no  lefs  than  5,724,000  pores. 
It  is  to  this  porofity  that  the  blacknefs  of  charcoal 
is  owing,  and  through  thefe  pores  the  vegetable 
juices  circulate. 

Charcoal  is  very  incorruptible,  and  on  that  ac- 
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count,  the  lower  parts  of  pofts  ufed  in  paling,  are 
charred  to  preferve  them. 

The  charcoal  is  procured  by  heating  wood  in 
fo  flow  a  manner  that  the  oily  and  watery  parts  are 
driven  off  in  vapour,  while  the  carbon,  which 
cannot  be  reduced  to  vapour  by  heat,  remains, 
preferving  the  exact  form  of  the  vegetable. 

The  very  light  charcoals  of  linen,  cotton,  and 
fome  fungi,  readily  catch  fire  from  a  fpark  ;  thefe 
fubftances  are  called  tinder.  Charcoal  is  much  ufed 
in  chemiftry,  and  in  feveral  of  the  arts.  It  is  one 
of  the  moft  powerful  antifeptics  with  which  we  are 
acquainted.  Hence,  it  preferves  water  from  putre- 
faction, and  reftores  its  fweetnefs,  after  it  has  become 
putrid.  It  preferves  meat,  and  will  render  brown 
rancid  oils  fweet  and  clear,  which  effects  are  pro- 
duced by  its  ftrong  affinity  for  oxygen. 

If  by  any  means,  large  quantities  of  vegetable 
matters  are  buried  at  fome  depth  under  ground,  or 
kept  for  a  long  time  from  contact  with  the  atmof- 
phere,  the  aqueous  and  oily  parts  will  be  diffipated, 
and  the  vegetable  fibre  will  remain  in  the  form  of 
of.  a  charcoal,  mixed  with  more  or  lefs  fulphur, 
which  is  contained  in  all  vegetables.    The  im- 
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menfe  quantity  of  leaves,  and  other  vegetable  mat- 
ters that  are  continually  warned  down  rivers,  will 
be  collected  in  beds  at  the  bottom  of  the  fea,  and 
there  become  charred  ;  and  being  reduced  into  a 
minute  ftate  by  attrition,  and  other  circumftances, 
inftead  of  preferving  the  appearance  of  vegetables, 
they  refemble  foflils,  and  form  beds  of  coal. 
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When  charcoal  is  burned  in  a  quantity  of 
oxygen  gas,  exadlly  fufficient  for  its  combufti- 
on,  both  the  charcoal  and  oxygen  gas  difap- 
pear,  and  a  quantity  of  elaftic  fluid  is  found  in 
the  veffel,  which  is  equal  in  weight  to  both  the 
charcoal  and  oxygen  gas. 

This  elaftic  fluid  is  manifeftly  acid,  and  being 
compofed  of  carbon  and  oxygen,  it  is  called  in  the 
new  Nomenclature,  the  carbonic  acid.  We  are 
indebted  to  Dr.  Black  for  our  knowledge  of  fome 
of  the  moft  remarkable  properties  of  this  fluid  ;  he 
was  the  firft  who  difcovered  the  affinity  between 
this  gas  and  alkalies,  quicklime,  and  magnefia. 

This 
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This  fubftance  has  received  different  names  from 
different  chemiits.  Dr.  Black  called  it  fixed  air,  which 
Macquer  obferves  is  by  no  means  a  proper  name  for 
it ;  he  called  it  mephitic  air,  but  this  is  not  by  any 
means  peculiarly  characleriftic.  Bergman  called  it 
aerial  acid,  and  it  has  likewife  been  called  the  cre- 
taceous acid,  or  acid  of  chalk,  becaufe  it  is  con- 
tained in  large  quantity  in  that  fubftance. 

This  acid  exifts  in  three  different  ftates ;  in  a 
ftate  of  combination,  in  the  ftate  of  gas,  and  in 
that  of  mixture.  It  is  combined  with  calcareous 
earth  or  lime,  for  which  it  has  a  greater  affinity  than 
for  any  other.  It  conftitutes  nearly  half  the  weight 
of  chalk,  limeftone,  marble,  &c.  converting  them 
into  faline  fubftances  or  carbonats.  It  may  be 
procured  from  thefe  fubftances  by  two  different 
methods,  namely,  by  heat,  or  the  affufion  of  acids. 
The  firft  is  done  in  burning  lime ;  the  carbonic 
acid  combines  with  caloric,  and  flies  off  in  the 
form  of  gas,  leaving  the  calcareous  earth  pure.  If 
a  quantity  of  chalk  be  put  into  a  retort,  and  ful- 
phuric  acid  poured  upon  it ;  the  carbonic  acid  may 
be  expelled  in  the  form  of  gas,  and  is  found  to  be 
poffeffed  of  the  following  properties.  Firft,  it  ex- 
tinguifhes  flame,  and  kills  animals  immerfed  in  it. 
Second,  its  fpecific  gravity  is  much  greater  than 
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that  of  common  air,  on  this  account  it  occupies  the 
loweft  part  of  the  atmofphere,  and  may  be  poured 
out  of  one  veflel  into  another  like  water. 

This  gas  is  emitted  in  large  quantities  by  fer- 
menting liquors,  being  often  generated  plentifully 
in  coal  mines,  and  is  inftantly  fatal  to  the  miners, 
who  call  it  the  choak,  or  chalk  damp.  Wells  which 
have  been  long  (hut  up,  are  often  found  filled  with 
this  gas,  and  therefore  workmen  mould  never  enter 
them  without  proper  precautions.  There  are  me- 
thods however  by  which  both  coal  pits  and  wells 
may  be  purified. 

There  are  fome  natural  caverns  in  which  this 
gas  is  produced  in  confiderable  quantity,  and  runs 
out  at  the  opening  like  a  ftream  of  water  j  this  is 
particularly  the  cafe  with  the  celebrated  grotto  del 
cano. 

Charcoal  fliould  never  be  burned  in  rooms  that 
have  no  fire  place,  or  vent,  becaufe  the  red  hot 
charcoal  unites  with  the  oxygen  of  the  atmofphere, 
and  forms  carbonic  acid,  which  cannot  efcape  with- 
out a  ventilator.  Some  melancholy  accidents  have 
happened  from  this  caufe. 
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Water  abforbs  more  than  its  bulk  of  this  gas 
at  a  mean  temperature,  and  acquires  an  acid  tafte, 
and  fparkling  appearance,  like  fome  of  the  mineral 
waters.  Various  methods  have  been  contrived  for 
impregnating  water  with  this  gas,  but  the  machine 
invented  by  Dr.  Nooth,  is  by  much  the  moft  con- 
venient and  elegant.  Moft  mineral  waters  owe 
their  fharp  fpirituous  tafte  to  this  gas.  Water  thus 
impregnated  is  capable  of  diffolving  a  fmall  quan- 
tity of  iron,  and  forms  an  elegant  chalybeate,  fimi- 
lar-to  fome  of  the  natural  chalybeates.  When  fixed 
alkali  is  previoufly  diffolved  in  water,  it  will  then 
abforb  a  much  greater  quantity  of  carbonic  acid 
than  common  water,  forming  the  aqua  mephitica 
alkalina,  which  is  fo  ufeful  in  calculous  complaints. 
This  is  likewife  the  beft  way  of  giving  effervefcing 
draughts.  Carbonat  of  lime  cannot  be  diffolved 
in  water,  except  in  very  fmall  quantity,  but  pure 
lime  can  be  diffolved  in  confiderably  greater  weight, 
forming  lime  water,  which  is  an  excellent  teft  of 
the  prefence  of  carbonic  acid;  for  it  is  inftantly 
precipitated  by  that  acid  in  the  form  of  carbonat  of 
lime.  By  this  mean  we  alfo  prove  that  the  air 
which  comes  from  the  lungs  contains  carbonic 
acid. 

But  though  water  will  only  diffolve  a  very  fmall 
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portion  of  carbonat  of  lime,  yet  if  the  water  be  fa- 
turated  with  carbonic  acid,  it  will  then  diffolve 
carbonat  of  lime  in  considerable  quantity.  If  this 
folution  be  let  fall,  drop  by  drop,  on  any  fub- 
ftance, as  the  carbonic  acid  efcapes,  the  carbonat 
of  lime  will  be  depofited  upon  the  fubftance,  which 
will  in  this  manner  become  encrufted  with  a  coat 
of  calcareous  earth.  In  this  ftate  the  fubftance 
has  been  called  petrified. 

Cyder,  beer,  and  other  fermented  liquors,  owe 
their  briiknefs  to  the  carbonic  acid  which  they 
contain. 

Many  chemifts  fuppofed  that  carbonic  acid 
was  compofed  of  vital  air  and  phlogifton ;  but  as 
the  fcience  of  chemiftry  advanced,  it  was  proved 
by  Lavoifier,  that  the  charcoal  of  wood  combined 
with  vital  air,  and  formed  carbonic  acid.  With 
this  fynthetic  proo'f  the  French  chemifts  were  con- 
tented ;  it  was  afterwards  demonstrated  analytically 
by  Dr.  Tennant,  who  fhowed  that  charcoal  and 
phofphoric  acid  were  produced,  by  applying  phof- 
phorus  to  red  hot  marble ;  from  which  he  infer- 
red, that  the  carbonic  acid  of  the  marble  was  de- 
compofed  ;  its  oxygen  uniting  with  the  phofphorns, 
formed  phofphoric  acid,  while  the  carbon  was 
leftuncombined.  LECTURE 
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Sulphur  is  a  very  combuftible  fubftance,  dry, 
brittle,  and  of  a  fine  yellow  colour.  It  has  no 
fmell  excepting  it  be  warmed,  when  it  fends  forth 
a  peculiar  though  weak  odour.  If  it  be  rubbed  it 
becomes  electrical,  and  a  roll  of  fulphur  grafped  in 
the  hand,  breaks  with  a  crackling  noife. 

Sulphur  is  found  in  great  quantity  in  nature, 
fometimes  in  a  ftate  of  purity,  but  moft  commonly 
combined  with  fome  of  the  metals.  It  is  frequent- 
ly formed  by  the  decompofition  of  animal  and  vege- 
table fubftances  ;  and  particularly  where  large  quan- 
tities of  vegetables  are  putrefying. 

A  moderate  degree  of  heat  is  fufficient  to  melt 
fulphur,  and  if  at  the  inftant  when  its  furface  be- 
gins to  congeal,  the  liquid  fulphur  under  the  fur- 
face 


94 


LECTURE  XVII. 


face  be  poured  into  another  veflel,  it  will  form 
cryftals. 

Sulphur  unites  with  moft  of  the  metals,  and 
renders  them  very  brittle  and  fufible  :  moft  of  the 
imperfect  metals  are  indeed  found  combined  with 
fulphur,  or  mineralized  by  it,  as  it  is  termed  ;  the 
metal  is  freed  from  the  fulphur  by  roafting,  before 
it  is  fmelted.  Sulphur  unites  with  iron  when  that 
metal  is  red  hot,  and  forms  a  hard  compound ;  and 
this  furnifhes  us  with  an  eafy  and  excellent  way  of 
fallen ing  pieces  of  iron  in  ftone. 

Sulphur,  like  all  combuftible  bodies,  only 
burns  in  proportion  to  the  quantity  of  oxygen  which 
combines  with  it ;  and  the  products  of  this  com- 
buftion  vary  according  to  the  proportion  of  oxygen 
combined  with  the  fulphur ;  if  only  a  fmall  quan- 
tity of  oxygen  be  combined  with  it,  a  volatile  and 
penetrating  acid  is  formed,  called  fulphur ous  acid  j 
but  if  the  combuftion  be  carried  on  rapidly,  fo  that 
a  greater  quantity  of  oxygen  may  be  combined  with 
the  fulphur,  a  ponderous  acid  is  formed  called  the 
fulphuric. 

The  characters  of  this  acid  are  the  following, 
Firft,  it  is  unctuous  and  greafy  to  the  touch.  Se- 
cond, 
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cond,  its  fpecific  gravity  is  much  greater  than  that  of 
water.  Third,  when  mixed  with  an  equal  quantity 
of  water,  a  degree  of  heat  is  produced  greater  than 
that  of  boiling  water. 

Concentrated  fulphuric  acid  expofed  to  cold, 
concretes,  and  may  be  obtained  in  a  cryftalline 
form.  The  fulphuric  acid  is  ufed  in  feveral  of  the 
arts  and  manufactures. 

This  acid  united  to  potafh,  forms  a  neutral  fak 
called  fulphat  of  potafh.  One  hundred  parts  of 
this  fait  contain  thirty  of  acid,  fixty-five  of  alkali, 
and  five  of  water. 

This  acid  combined  with  the  mineral  alkali 
forms  fulphat  of  foda,  which  may  be  procured  in 
beautiful  cryftals,  and  is  commonly  known  by  the 
name  of  Glauber's  fak.  One  hundred  parts  of 
this  fait  contain  fourteen  of  acid,  twenty  two  of 
alkali,  and  fixty-four  of  water.  With  the  volatile 
alkali,  the  fulphuric  acid  forms  a  neutral  fak,  called 
the  fulphat  of  ammoniac,  which  cryftallizes  with 
difficulty,  and  is  little  known. 
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PHOSPHORUS  is  one  of  the  moft  curious  fub- 
ftances  in  chemiftry  ;  the  difcovery  of  it  is  attributed 
by  Leibnitz  to  Brandt.  He  made  this  difcovery  in 
the  year  1667,  and  communicated  it  to  Kraft, 
who  imparted  it  to  Mr.  Boyle. 

It  appears  that  Kunckel  and  Kraft  had  agreed 
to  purchafe  the  fecret  from  Brandt,  but  Kunckel 
having  been  deceived  by  Kraft,  fell  to  work  him^ 
felf,  and  difcovered  a  way  of  making  this  fubftance, 
which  hepublilhed,  and  from  that  time  it  has  ge- 
nerally gone  by  his  name. 

For  fome  time  phofphorus  was  made  in  very 
inconfiderable  quantities,  the  operation  being  tedi- 
ous and  difagreeable,  confuting  in  evaporating  large 
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quantities  of  urine.  Various  methods  were  taken 
to  (horten  the  operation,  and  render  the  procefs  lefs 
difagreeable,  but  to  little  purpofe ;  the  bed  account 
of  this  method  of  making  phofphorus  was  publifh- 
cd  by  Margraff,  in  the  Berlin  Memoirs. 

In  1 769,  Monfieur  Gahn  difcovered,  that  the 
earth  which  remains  after  the  calcination  of  bones, 
confifts  of  phofphat  of  lime,  and  Scheele  proved,  that 
by  mixing  this  phofphat  of  lime  with  the  nitric  or  ful- 
phunc  acids,  thefe  acids,  by  their  fuperior  attraction, 
combined  with  the  lime,  and  expelled  the  phofphoric 
acid  5  and  by  diftilling  this  acid  with  powdered  char- 
coal, he  obtained  phofphorus.  The  procefs  is  very 
well  defcribed  in  Chaptal's  elements  of  chemiftry. 

Since  this  time,  phofphorus  has  generally  been 
extracted  from  the  eanh  of  bones,  and  the  making 
of  it  is  by  no  means  fo  difficult  an  operation  as 
formerly. 

In  whatever  manner  phofphorus  is  made,  it  is  al- 
ways the  fame  fubftance.  It  is  generally  of  a  flefh 
colour,  and  tranfparent  when  pure ;  is  of  the  con- 
fidence of  wax,  and  may  be  cut  with  a  knife.— 
When  it  comes  in  contact  with  the  air  it  emits  a 
vhite  fmoke,  and  its  furface  appears  luminous  in 
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the  dark.  When  expofed  to  the  atmofphere,  and 
heated  to  about  86  degrees  of  Fahrenheit's  fcale,  it 
takes  fire,  and  burns  with  great  rapidity  ;  what  re- 
mains after  the  combuftion  is  of  a  red  colour,  at- 
tracts humidity  from  the  air,  and  becomes  liquid  : 
this  liquid  is  the  phofphoric  acid  which  will  foon 
be  noticed. 

If  we  write  with  phofphorus  upon  any  folid  bo- 
dy, the  characters  become  luminous  in  the  dark. — 
Various  contrivances  have  been  made  for  lighting 
a  candle  by  means  of  phofphorus,  fuch  as  the  plii- 
lofophical  fire-bottles,  and  phofphoric  bougies ;  but 
the  phofphoret  of  lime  feems  beft  to  anfwer  this 
purpofe. 

Phofphorus  is  capable  of  being  diffolved  by  va- 
rious liquids ;  fuch  as  alcohol,  ether,  and  oil,  which 
it  renders  luminous.  The  phofphoric  oil,  or  liquid 
phofphorus,  as  it  is  generally  called,  may  be  rubbed 
upon  any  part  of  the  body  without  danger,  and  ren- 
ders that  part  luminous  in  the  dark.  The  light 
produced  by  this  folution  of  phofphorus  in  oil,  very 
much  refembles  that  of  the  glow-worm. 

Putrifying  animal  fubftances  generally  emit  a 
phofphoric  light,  and  particularly  fim  ;  rotten  wood 
often  does  the  fame.  ^ 
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If  phofporus  be  heated  to  about  84  degrees,  and 
plunged  in  pure  oxygen  gas,  it  burns  with  great 
brilliancy  ;  during  this  combuftion  the  oxygen  is  ab- 
forbed,  and  a  quantity  of  acid  liquor  formed,  which 
is  equal  in  weight  to  the  quantity  of  oxygen  and 
phofphorus  confumed.  Lavoifier,  and  De  la  Place, 
have  found  that  forty-five  grains  of  phofphorus, 
during  their  combuftion,  abforb  fixty-five  grains  of 
oxygen. 

Phofphorus  unites  with  oxygen  in  three  differ- 
ent ways.  Firft,  by  a  rapid  combuftion  and  defla- 
gration. Second,  by  a  flow  combuftion.  Third, 
by  a  decompofition  of  bodies  which  contain 
oxygen. 

The  phofphoric  acid  combines  with  a  variety  of 
fubftances,  particularly  lime,  and  the  alkalies. — 
With  lime  it  forms  phofphat  of  lime,  or  earth  of 
bones,  which  is  fometimes  found  in  nature  in  large 

quantities ;  entire  rocks  being  compofed  of  it.  

With  potafh  this  acid  forms  a  fait  capable  of  chryf- 
tallization,  called  phofphat  of  potafh,  which  is 
very  little  known.  With  foda  it  forms  a  fait,  which 
may  be  procured  in  beautiful  cryftals,  called 
phofphat  of  foda,  but  better  known  by  the  name 

of 
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of  taftelefs  purging  fait;  it  is  chiefly  ufed  as  a 
laxative. 

Phofphoric  acid  unites  with  ammoniac,  and 
forms  phofphat  of  ammoniac,  a  fait  which  is  fome- 
times  found  in  putrifying  animal  fubftances,  but  is 
very  little  known. 
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THE  muriatic  acid,  or  fpirit  of  fait,  as  it  is  com- 
monly called,  is  very  abundant  in  the  mineral  king- 
dom, being  naturally  combined  with  different  bafes, 
particularly  with  foda,  lime,  and  magnefia.  This 
acid  is  never  found  pure  or  uncombined,  and  in  or- 
der to  obtain  it  in  this  ftate,  we  muft  difengage  it  • 
from  other  fubftances,  with  which  it  is  in  combina- 
tion. It  is  mod  ufually  difengaged  from  common 
fait,  by  means  of  the  fulphuric  acid,  which  having 
a  greater  affinity  for  the  foda,  the  muriatic  acid  is 
expelled  in  the  form  of  gas,  and  is  abforbed  by  the 
water  in  the  receiver.  Wolfe's  apparatus  is  the  beft 
for  this  purpofe. 

Though  in  the  new  Nomenclature,  the  muria- 
tic radical  is  put  down  among  the  acidifiable  bafes3 
yet  the  muriatic  acid  does  not  appear  to  have  been 

decompofed 
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decompofed  in  any  chemical  experiment :  fo  that 
we  have  no  idea  whatever  of  the  nature  of  this  ra- 
dical, and  only  conclude  from  analogy  that  oxygen 
is  its  acidifying  principle. 

The  muriatic  acid  is  more  light  and  volatile 
than  the  fulphuric,  and  has  a  weaker  affinity  for 
earths  and  alkalies.  It  differs  from  the  nitric  acid 
in  its  colour,  being  of  a  yellowifh  green,  while  the 
latter  is  generally  of  an  orange  colour. 

The  muriatic  acid  combines  with  potafh,  and 
forms  a  fait  called  muriat  of  potafh,  formerly  known 
by  the  name  of  febrifuge  fait  of  Silvius.  The  crys- 
tals of  this  fait  are  not  cubic,  like  common  fait,  but 
parallellopepids.  One  hundred  grains  of  this  fait 
contain  thirty  of  muriatic  acid,  fixty-four  of  potafh, 
and  fix  of  water. 

The  muriatic  acid  forms  with  foda  a  neutral 
fait  called  muriat  of  foda  ;  this  combination  is  the 
common  alimentary  fait,  the  tafte  of  which  is  well 
known  :  it  decrepitates  when  thrown  upon  hot  iron, 
and  is  nearly  equally  foluble  in  cold  and  hot  water. 
One  hundred  parts  of  this  fait  contain  thirty-four  of 
acid,  fifty  of  alkali,  and  fixteenof  water.  The  figure  of 
its  cryftals  is  perfectly  cubic.  It  is  ufually  procured 

from 
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from  fca- water,  and  falt-fprings,  and  exifts  in  various 
parts  of  the  world  in  the  form  of  foflil  or  rock  fait.  This 
fait  is  of  three  kinds,  namely,  rock,  or  native  fait, 
bay  fait,  and  white  fait.  The  firft  is  dug  out  of 
mines,  the  fecond  is  procured  from  fea  water  eva- 
porated by  the  fun,  and  to  obtain  the  laft,  fea  wa- 
ter is  evaporated  by  boiling. 

The  muriatic  acid  combines  with  the  volatile 
alkali  or  ammoniac,  forming  the  muriat  of  ammo- 
niac. This  is  the  moft  ufeful  and  interefling  of  all 
the  combinations  with  ammoniac,  and  is  known  by 
the  name  of  crude  fal  ammoniac.  This  fait  is 
much  ufed  in  the  different  arts,  and  has  the  pro- 
perty of  making  tin  unite  very  readily  with  iron 
and  copper.  It  is  ufually  brought  from  Egypt  in 
femi-tranfparent  cakes,  but  fome  manufactories  of 
it  have  lately  been  eftabliflied  in  Europe,  thefe  have 
however  been  kept  fecret.  One  hundred  parts  of 
this  fait  contain  fifty-two  of  acid,  forty  of  ammo- 
niac, and  eight  of  water. 

This  fait  may  be  decompofed  both  by  acids  and 
alkalies ;  the  fulphuric  and  nitric  acids  unite  with 
the  ammoniac,  and  difengage  the  muriatic  acid. 
The  fixed  alkalies  and  lime  have  a  greater  affinity 

for 
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for  the  muriatic  acid  than  the  ammoniac  has,  and 
will  therefore  decompofe  this  fait. 

The  muriatic  acid  is  capable  of  combining  with 
a  much  greater  quantity  of  oxygen  than  it  poffefles 
in  the  ftate  of  common  muriatic  acid,  and  what  is 
remarkable,  it  becomes  more  volatile,  while  the 
other  acids,  when  fuper-oxygenated,  become  more 
fixed.    In  this  ftate  likewife  its  powers  as  an  acid 
are  weakened,  for  it  has  a  much  weaker  affinity 
for  alkaline  falts,  and  will  not  even  redden  the  blue 
colours  of  vegetables,  on  the  contrary,  it  deftroys 
thefe  colours.    The  acid  in  this  ftate  is  called  the 
oxygenated  muriatic  acid.    The  muriatic  acid  feiz- 
es  oxygen  with  great  avidity,  yet  fo  weakly  does  it 
hold  it  in  union,  that  it  may  be  expelled  by  a  very 
moderate  degree  of  heat,  or  even  by  expofure  to 
the  rays  of  the  fun.    This  acid  is  procured  by  dif- 
tilling  common  muriatic  acid  from  the  oxyd  of  man- 
ganefe,  by  means  of  Wolfe's  apparatus  ;  the  acid  at- 
tracts the  oxygen  of  the  manganefe,  and  flies  offin 
the  form  of  gas,  which  is  readily  abforbed  by  wa- 
ter. 

When  oxygenated  muriatic  acid  is  mixed  with 
cauftic  or  pure  ammoniac,  a  quantity  of  water  is 
formed,  and  azotic  gas  is  difengaged,  the  acid  re- 
turning 
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turnipg  to  the  ftate  of  common  muriatic  acid.  In 
this  experiment  the  oxygen  of  the  acid  combines 
with  the  hydrogen  of  the  ammoniac,  and  forms 
water. 

The  oxygenated  muriatic  acid  forms  with  pot- 
am  a  beautiful  white  fait  called  the  oxygenated 
muriat  of  potafh.  The  oxygenated  muriatic  acid 
which  exifts  in  this  fait,  contains  much  more  oxy- 
gen than  when  in  a  liquid  ftate,  and  the  oxygen  is  , 
very  loofely  attached,  being  feparable  by  mere 
heat.  From  one  hundred  grains  of  this  fait  may  be 
procured  feventy-five  cubic  inches  of  extremely  pure 
oxygen  gas.  A  fmall  quantity  of  this  fait  rubbed  in 
a  morrar  with  flowers  of  fulphur,  explodes,  and  ftill 
more  violently  with  phofphorus. 

If  this  fait  be  ufed  inftead  of  nitre,  a  gunpow- 
der will  be  formed  much  more  powerful  it  its  effects 
than  common  gunpowder. 

If  the  muriatic  acid  be  combined  with  the  ni- 
tric, an  acid  is  formed,  which  has  different  pro- 
perties from  either  of  its  component  parts ;  this  acid 
is  called  in  the  new  Nomenclature  the  nitro-muria- 
tic  acid,  and  was  formerly  known  by  the  name  of 
aqua  regia. 

Bertholiet 
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Berthollet  thinks,  that  in  this  cafe  the  acidifyable 
bafes  combine,  and  form  a  fingle  acid  different  from 
all  others ;  but  Chaptal  is  of  opinion,  that  in  this 
operation  the  muriatic  acid  becomes  oxygenated  by 
feizing  the  oxygen  of  the  nitric  acid,  and  this  on 
feveral  accounts  feems  moft  probable. 
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THE  principal  vegetable  acids  are  the  acetous  and 
the  tartarous ;  the  former  is  known  by  the  name  of 
vinegar,  and  is  formed  by  the  oxydation  of  vinous 
liquors,  generally  by  expofing  them  to  the  atmof- 
phere.  It  appears  in  the  form  of  an  acid  liquor, 
more  or  lefs  deeply  tinged  ;  by  diftillization  it  is  fe- 
parated  from  its  impurities,  and  is  then  tranfparent 
and  colourlefs  ;  when  concentrated,  which  it  may 
be  by  various  methods,  it  is  called  radical  vinegar. 
The  acetous  acid  produces  neutral  falts  by  combin- 
ing with  different  fubftances.  With  potafli  it  forms 
acetite  of  potafli,  commonly  called  diuretic  fait, 
which  may  be-  procured  in  fine  cryftals,  but  is 
very  deliquefcent.  The  acetite  of  foda  is  likewife 
deliquefcent,  but  very  little  known.  The  acetite  of 
ammoniac  is  extremely  deliquefcent,  and  is  known 
in  medicine  by  the  name  of  fpirit  of  Mindererus. 

The 
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The  radical  of  the  acetous  acid  is  carbon,  hydro- 
gen, and  a  little  azote. 

Several  vegetables,  as  lemons,  forrel,  and  un- 
ripe fruit,  contain  acids  ready  formed  by  nature, 
which  confift,  like  the  acetous  acid  of  compound 
radicals,  differing  only  in  the  proportions  of  thofe 
fubftances  which  compofe  the  radical.  Thefe  acids 
may  be  concentrated  by  freezing. 

Sugar,  and  the  farinaceous  vegetables,  confift 
of  hydrogen,  carbon,  and  a  little  oxygen.  If 
thefe  fubftances  be  combined  with  more  oxygen, 
an  acid  may  be  procured  in  cryftals  refembling  the 
acetous  acid  in  tafte,  but  differing  from  it  in  fome 
other  properties.  This  acid  is  called  acid  of  fugar, 
or  oxalic  acid,  and  is  generally  made  by  oxydating 
fugar  by  means  of  the  nitric  acid. 

The  acid  of  fugar  unites  with  alkalies,  earths, 
and  metals,  and  gives  the  name  of  oxalat  to  the 
combination.  The  moft  curious  fact  relative  to 
this  acid  is,  that  it  attracts  lime  more  powerfully 
than  any  other  acid,  forming  with  it  a  compound 
nearly  infoluble  j  on  this  account  it  is  an  excellent 
teft  of  the  prefence  of  lime.  The  acid  of  fugar 
takes  fpots,  and  particularly  iron-moulds,  out  of  linen. 
The  mallic  and  citric  acids  are  only  varieties  of 
this  acid.  Wood 
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Wood,  when  burned  or  diftilled,  yields  a  par- 
ticular acid,  called  the  pyroligneous  acid,  which  is 
ufed  by  callico  printers  to  diflblve  iron. 

If  tartar  be  diffolved  in  water  by  boiling,  and 
the  clear  liquor  fuffered  to  cryftallize,  beautiful 
cryftals  may  be  procured,  which  have  been  called 
crearri,  or  cryftals  of  tartar,  but  according  to  the 
new  Nomenclature,  acidulous  tartarite  of  potalh,  for 
they  confift  of  potafli  fuper-faturated  with  a  particu- 
lar acid  called  the  tartarous. 

The  acidulous  tartarite  of  potafh  is  capable  of 
combining  to  faturation  with  potalh,  and  forms  a 
neutral  fait,  the  tartarite  of  potalh,  which  has  com- 
monly been  called  Rochelle  fait. 

The  radical  of  the  tartarous  acid  is  like  other 

vegetable  acids,  compofed  of  hydrogen  and  car- 
bon. 

The  bark  of  oak,  and  other  aftringent  vegeta- 
bles, but  particularly  the  gall  nut,  contain  a  fub- 
ftance  which  has  been  called  the  aftringent  princi- 
ple ;  it  has  lately  been  difcovered  to  be  a  peculiar 
acid,  and  is  called  the  gallic  acid.  This  acid  has 
a  monger  attraction  for  metallic  oxyds,  than  any 
other  acid  ;  it  precipitates  iron  from  its  folution  in 

the 
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the  form  of  a  fine  dark  blue,  or  black  powder ; 
which,  fufpended  in  water  by  means  of  gum,  makes 
the  common  writing  ink. 

The  gallic  radical  is  not  known,  but  it  may  be 
changed  into  the  oxalic  acid  by  means  of  the  nitric, 
and  is  fuppofed  to  confift  of  carbon  and  hydrogen. 

• 

If  amber  be  diftilled  in  clofe  veffels,  there  fub- 
limes  from  it  a  peculiar  acid  called  the  fuccinic  a- 
cid.  The  compounds  formed  by  this  acid  with 
different  fubftances,  are  called  fuccinats. 

Borax  is  compofed  of  foda,  and  a  peculiar  acid 
called  the  boracic  acid  ;  this  acid  may  be  procured 
from  borax  by  means  of  the  fulphuric,  and  has  been 
called  fedative  fait.  The  combinations  of  this  a- 
cid  with  different  fubftances,  are  called  borats,  but 
are  little  known,  excepting  the  borat  of  foda,  or 
common  borax,  which  is  very  ufeful  in  fome  of  the 
arts.    The  boracic  radical  is  not  known. 

Fluor- fpar  is  compofed  of  lime,  or  calcareous 
earth,  combined  with  a  peculiar  acid  called  the  flu- 
oric acid.  This  acid  may  be  procured  from  the 
fpar  by  means  of  the  fulphuric.  The  fluoric  acid 
mould  be  kept  in  leaden  veffels,  as  it  diffolves  glafs 

very 
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very  readily.  This  property  affords  an  eafy  me- 
thod of  etching  on  glafs.  The  name  of  fluat  is 
given  to  the  combinations  formed  by  this  acid  with 
different  fubftances ;  we  are  however  little  acquaint- 
ed with  any  of  thefe  combinations  excepting  fluat 
of  lime. 

it  dried  blood  be  mixed  with  potafh,  and  ex- 
pofed  to  a  red  heat  for  fome  time,  a  peculiar  acid 
unites  with  the  potafh,  called  the  pruflic  acid,  and 
the  combination  which  was  formerly  known  by  the 
name  of  phlogifticated  alkali,  is  called  prufliat  of 
potafh. 

The  pruffic  acid  precipitates  the  metallic  oxyds 
from  their  combinations  with  other  acids.  Iron  is 
precipitated  by  this  acid  in  the  form  of  a  beautiful 
blue  powder,  commonly  called  pruflian  blue,  but  in 
the  new  Nomenclature,  prufliat  of  iron.  The  prufliat 
of  potafh  is  a  very  delicate  teft  of  the  prefence  of 
iron. 

The  radical  of  the  pruflic  acid  is  fuppofed  to  be 
compofed  of  carbon  and  azote,  with  a  fmall  quan- 
tity of  hydrogen. 

There 
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There  are  feveral  other  acids,  but  they  only 
differ  from  thofe  we  have  confidered,  in  the  propor- 
tions of  the  component  parts  of  their  radicals. 
They  are  generally  convertible  one  into  the  other., 
and  their  compounds  are  of  little  confequence. 


4 


LECTURE 


(    "3  ) 


LECTURE  XXL 


THOUGH  there  feems  to  be  an  almoft  infinite  va- 
riety of  earthy  fubftances  fcattered  on  the  furface  of 
this  globe  j  yet  when  this  fubject  is  examined  with* 
a  chemical  eye,  we  (hall  find,  not  without  furprize, 
that  all  the  earths  and  {tones  which  we  tread  under 
our  feet,  and  which  compofe  the  largeft  rocks ;  and 
that  the  vaft  variety  of  fpecimens  which  adorn  the 
cabinets  of  the  curious,  are  compofed  of  a  very  few 
elementary  earths,  fcarcely  exceeding  five  in  num- 
ber. 

Of  thefe  five  elementary  earths,  two  are  in  fome 
meafure  more  dry,  hard,  inlipid,  and  infoluble; 
while  the  other  three  pofiefs  faline  properties,  which 
render  them  akin  to-ttie  fubftances  denominated  al- 
kalies.    Thefe  three,  which  have  in  confequence 

I  been 
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been  termed  falino-earthy,  and  alkaline  earths,  are 
barytes,  magnefia^  and  lime.  The  other  two  zxt^filex 
and  altimin.  Some  other  earths  have  been  lately 
difcovered,  but  they  are  found  i.a  very  fmall  quan- 
tity, fuch  as  the  adamantine  earth,  and  jargon. 

All  the  earthy  and  ftony  fubftances  we  meet 
with  are  compofed  of  fome  or  all  of  the  five  earths 
juft  enumerated.  Their  general  character  is  dry- 
nefs,  indeftru&ibility,  and  infufibility,  befides  which, 
each  has  fpecific  characters. 

Silex  is  rough  to  the  touch,  cuts  glafs,  and 
Scratches  or  wears  away  metals  ;  its  weight  is  about 
2,  5  that  of  an  equal  bulk  of  water.  It  is  infufible, 
incombuftible,  end  infoluble  in  moft  acids ;  but 
foluble  in  alkalies  with  the  affiftance  of  heat,  form- 
ing glafs.  It  is  found  in  great  abundance  in  fand, 
quartz,  flint,  agate,  grit,  and  almoft  all  ftones 
that  ftrike  fire  with  fteel. 

Alumin,  or  argil,  is  foft  to  the  touch,  adheres 
to  the  tongue,  and  hardens  in  fire,  contracting  in 
its  dimenfions,  and  when  expofed  to  an  extreme 
heat,  it  becomes  fo  hard  as  to  ftrike  fire  with  fteel. 

When  mixed  with  water  and  filex  in  proper 

proportions, 
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proportions,  it  forms  porcelain  ;  it  constitutes  the 
greateft  part  of  clays,  fchifts,  fteatites,  8cc.  and 
forms  the  bafis  of  all  kinds  of  earthenware. 

i 

With  the  fulphuric  acid  it  forms  fulphat  of 
alumin,  a  fait  much  ufed  in  different  arts  under 
the  name  of  alum,  of  which  there  are  two  different 
kinds,  the  common  and  roch  alum,  which  do  not 
however  differ  in  their  chemical  properties.  This 
fait  has  a  ftrong  ftyptic  tafte,  and  is  evidently  fu- 
perfaturated  with  the  fulphuric  acid.  It  diffolves 
in  fifteen  times  its  weight  of  cold  water.  The 
combinations  of  this  earth  with  the  other  mineral 
acids  are  not  interefhing. 

Barytes,  or  heavy  earth,  is  exceedingly  white 
and  pure,  and  is  foluble'in  about  900  times  its 
weight  of  cold  water,  to  which  it  communicates  a 
tafte  and  properties  fimilar  to  lime-water.  Its  fpeci- 
fic  gravity  is  to  that  of  water  as  four  to  one.  It  is 
precipitated  from  its  combinations  with  the  differ- 
ent acids  by  the  pruffiat  of  potafh,  like  metals  ;  from 
thefe  circumftances,  there  is  reafon  to  fufpect  it  to 
be  a  metallic  oxyd,  but  chemifts  have  never  yet  pro- 
cured it  in  a  metallic  or  deoxydated  form. 

The  moft  common  form  in  which  we  meet  with 

this 
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this  earth,  is  in  combination  with  the  fulphuric  a- 
cid,  forming  fulphat  of  barytes,  or  heavy  fpar,  the 
fpecific  gravity  of  which  is  to  that  of  water  as  4,5 
to  1.  It  generally  accompanies  metallic  veins. — 
This  fubftance  is  nearly  infoluble  in  water. 

With  carbonic  acid  this  earth  forms  carbonat  of 
barytes,  which  does  not  appear  to  exift  in  great 
quantity  in  nature.  One  hundred  parts  of  carbonat 
of  barytes  contain  twenty-eight  of  water,  feven  of 
carbonic  acid,  and  fixty-five  of  barytes. 

Barytes  forms  with  the  nitric  acid,  nitrat  of  ba- 
rytes, a  fait  which  has  never  been  found  native,  and 
is  little  known. 

This  earth  forms  with  the  muriatic  acid,  the 
muriat  of  barytes,  a  fait  feldom  if  ever  found  form- 
ed by  nature.  This  fait  is  one  of  the  beft  tefts  of 
the  prefence  of  the  fulphuric  acid. 

Magnefia  is  never  found  naturally  pure,  but 
generally  combined  with  the  fulphuric  acid.  To 
-procure  it  pure,  it  muft  be  precipitated  from  this 
combination  by  means  of  an  alkali. 


This  earth  is  extremely  white,  light,  and  fpun- 
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gy ;  with  dcids  it  forms  falts,  which  are  extremely 
foluble,  and  fince  it  has  a  weaker  affinity  for  acids 
than  lime,  it  is  eafily  feparated  from  them  by  that 
fubftance. 

With  the  fulphuric  acid  it  forms  fulphat  of 
magnelia,  better  known  by  the  name  of  Epfom  fait. 
This  fait  is  found  in  great  plenty  in  the  bitter  liquor 
that  remains  after  the  cryftallization  of  common 
fait,  made  from  fea- water,  and  the  greateft  part  of 
the  magnefia  in  ufe,  is  procured  by  precipitating  the 
earth  from  this  fait.  One  hundred  parts  of  the 
fulphat  of  magnefia  contain  twenty-four  of  acid, 
nineteen  of  earth,  and  fifty-feven  of  water. 

The  nitrat  of  magnefia  is  extremely  diliquefcent. 
This  fait  is  little  known. 

The  muriat  of  magnefia  is  likewife  very  dili- 
quefcent, and  remarkably  bitter.  It  is  contained 
in  fea  water,  and  in  the  water  of  fome  faline  fprings. 

Carbonat  of  magnefia,  or  mild  magnefia,  is 
feldom  found  formed  by  nature,  but  obtained  by 
precipitating  the  magnefia  from  the  fulphat  of  mag- 
nefia by  a  carbonated  alkali.  One  hundred  parts 
of  this  fait  generally  contain  thirty  of  carbonic  acid* 

forty-eight 
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forty-eight  of  magnefia,  and  twenty-two  of  water. 
The  carbonic  acid  may  be  driven  off  by  a  violent 
heat,  and  the  earth  which  remains  is  pure  or  cal- 
cined magnefia. 

Lime  is  very  feldom  found  pure,  but  generally 
combined,  and  chiefly  with  the  carbonic  acid ;  it 
may  however  be  procured  pure  by  expelling  the 
carbonic  acid  by  means  of  heat.  It  is  foluble  in 
680  times  its  weight  of  water,  forming  lime  water, 
which  has  an  alkaline  tafte,  and  peculiar  properties. 
Pure  lime  attracts  water  with  great  avidity,  which 
becomes  fixed  or  folid  in  it,  and  giving  out  its  lar 
tent  heat,  caufes  the  mafs  to  become  extremely  hot» 

The  combination  of  lime  with  the  carbonic  acid 
is  by  much  the  moft  common,  and  comprehends 
all  thofe  ftones  or  rocks,  which  are  known  by 
the  names  of  chalk  or  limeftone,  or  under  the 
general  name  of  calcareous  earth. 

The  characters  of  carbonats  of  lime  are  the  fol- 
lowing— Firft,  they  effervefce  with  acids.  Second, 
they  are  convertible  into  lime  by  calcination.  There 
are  many  reafons  to  believe,  that  nearly  all  the  calca- 
reous earth  which  we  meet  with  on  the  furface  of 
the  globe,  in  the  form  of  limeftone,  chalk,  marble, 

&c. 
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&c.  derives  its  origin  from  the  destruction  of  the 
(hells  of  marine  animals.  Lime,  mixed  with  fand, 
and  tempered  with  water,  forms  mortar.  This  im- 
portant cement  has  been  much  improved  by  the  re- 
fearches  of  Dr.  Higgins. 

Lime,  combined  with  the  fulphuric  acid,  forms 
fulphat  of  lime,  gypfum,  or  plafter  of  Paris.  One 
hundred  parts  of  this  fait  contain  thirty  of  fulphuric 
acid,  thirty-two  of  lime,  and  thirty-eight  of  water. 
This  fait  is  generally  formed  by  the  decomposition 
of  pyrites,  which  happens  to  be -incumbent  on  beds 
of  calcareous  earth.  It  is  foluble  in  about  one  hun- 
dred times  its  weight  of  cold  water.  It  is  ufed  for 
making  cafts,  and  ornaments  for  buildings. 

The  nitric  and  muriatic  acids  form  with  lime 
diliquefcent  falts,  which  are  little  known. 

The  fluoric  acid  combines  with  lime,  and  forms 
fluat  of  lime,  or  Derbyihire  fpar.  Lime  is  likewife 
found  combined  with  the  phofphoric  acid,  and  this 
constitutes  the  earthy  part  of  the  bones  of  animals. 
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METALS  are  fubftances  diftinguifhed  by  their 
weight  and  luftre :  they  are  fufible,  cryftallifable, 
and  combuftible  ;  they  decompofe  water,  and  feve- 
ral  acids,  and  are  converted  into  metallic  oxyds. 
They  have  by  chemifts  been  generally  divided  into 
three  clafles,  femimetals,  imperfed:  metals,  and 
perfect  metals.  This  divifion,  as  is  properly  ob- 
ferved  by  Fourcroy,  has  evidently  derived  its  ori- 
gin from  the  erroneous  ideas  of  alchemy.  He 
divides  metals  into  five  genera :  in  the  firft  are 
comprifed  brittle  and  acidifiable  metals  :  this  ge- 
nus contains  three  fpecies,  arfenic,  tungften,  and 
molybdena.  The  fecond  genus  contains  thofe 
which  are  brittle,  and  fimply  capable  of  oxydation, 
of  which  there  are  five  fpecies,  cobalt,  bifmuth, 
nickel,  manganefe,  and  antimony:  the  third  genus 
includes  the  femi-ductile  and  oxydable  metals,  of 

which 
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which  there  are  two,  zinc  and  mercury.  The 
fourth  genus  contains  fuch  metals  as  are  perfectly 
ductile,  but  at  the  fame  time  eafily  oxydable :  fuch 
as  tin,  lead,  iron,  and  copper.  The  fifth  and  laft 
genus  comprehends  thofe  that  poffefs  perfect  ducti- 
lity, but  which  are  not  oxydable  without  great 
difficulty.  This  genus  comprehends  three  fpecies, 
filver,  gold,  and  platina. 

Though  there  are  various  circumftances  under 
which  metals  may  be  united  with  oxygen,  they 
may  in  general  be  reduced  to  three.  Firfl,  the 
contact  of  air,  aflifled  by  caloric.  Second,  by  de~ 
compofing  water.    Third,  by  decompofing  acids. 

Different  metals  require  different  quantities  of 
oxygen  to  convert  them  into  oxyds  ;  and  each  me  - 
tal, feparately  confidered,  abforbs  different  propor- 
tions of  oxygen,  and  flops  at  various  points  of  oxy- 
dation,  according  to  the  degree  of  temperature  to 
which  it  is  raifed. 

Metals  differ  in  their  attraction  for  oxygen. 
Some  have  fo  weak  an  affinity  for  that  fubflance, 
that  if  their  oxyds  be  fimply  expofed  to  the  light, 
the  oxygen  feparates  from  them;  fuch  are  gold  and 
filver.    Others,  as  mercury,  require  for  its  fepara- 
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tion  a  confiderable  degree  of  caloric  and  light. — 
Others  have  fo  ftrong  an  attraction  for  oxygen,  that 
it  cannot  be  feparated  from  them  merely  by  the  ac- 
tion of  caloric  and  light ;  nothing  but  the  addition 
of  a  combuftible  fubftance  can  effect  this  decompo- 
fition. 

Metals  cannot  bediflblved  in  acids,  unlefs  they 
be  previoufly  oxydated,  but  when  the  acid  is  dilut- 
ed with  water,  the  metal  decompofes  the  water,  be- 
comes oxydated,  and  is  then  diffolved  by  the  acid. 
As  an  exception  to  this  however,  it  may  be  obferv- 
ed,  that  metals  can  be  diffolved  in  the  nitric  acid 
without  the  addition  of  water ;  for  they  decompofe 
a  part  of  the  acid,  attract  its  oxygen,  and  are  then 
diffolved  by  the  remainder. 

Few  of  the  metals,  except  gold  and  platina,  are 
found  pure,  but  generally  in  the  form  of  oxyds,  or 
ores.  Thefe  metallic  ores,  excepting  thofe  of  iron, 
are  never  found  in  regular  ftrata  like  the  earths,  but 
in  cavities,  or  rents,  which  run  among  the  earthy 
ftrata  in  all  directions.  From  this,  and  other  cir- 
cumftances,  it  feems  probable  that  metals  are  con- 
tained in  large  quantities  in  the  interior  parts  of  the 
earth,  and  that,  by  fubterraneous  fires,  they  are 
forced  into  rents  near  the  furface. 

To 
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To  convert  metallic  ores  into  metals,  they  are 
firft  roafted,  to  drive  off  the  fulphur  and  arfenic, 
then  fufed  along  with  fubftances  capable  of  attract- 
ing their  oxygen.  The  unmetallic  parts  are  vitri- 
fied, and  float  on  the  furface,  while  the  metal  falls 
to  the  bottom  of  the  furnace. 

We  mall  now  confider  each  of  the  metallic  fub- 
ftances in  the  order  in  which  they  were  enumerated. 

Arfenic  is  a  dark  coloured  metallic  fubftance 
refembling  antimony,  but  its  oxyd  is  white.  This 
oxyd,  which  is  improperly  called  arfenic,  is  foluble 
in  about  eighty  times  its  weight  of  cold  water,  or 
fifteen  times  its  weight  of  boiling  water.  Oxygena- 
ted muriatic  aciddigefted  upon  this  fubftance,  con- 
verts it  into  arfenic  acid,  by  imparting  its  fupera- 
bundant  oxygen.    The  oxyd  of  arfenic  is  ufed  in  a 
variety  of  arts,  but  is  a  moft  deadly  poifon.  The 
beft  antidote  is  the  fulphuret  of  potaih,  which  de- 
compofes  the  oxyd,  and  renders  it  in  a  great  mea- 
fure  harmlefs.    If  any  fubftance  containing  arfenic 
be  mixed  with  oil,  or  powdered  'charcoal,  and 
thrown  upon  a  red  hot  iron,  a  fmell  like  that  of 
garlick  will  be  perceived. 

Tungften  is  of  a  brownifli  or  black  colour,  ra- 
diated 
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diated  and  mining ;  it  is  granulated,  friable,  and 
almofl  infufible ;  fcarceiy  foluble  in  the  acids,  but 
converted  into  an  acid  by  the  a&ion  of  air  and 
caloric. 

Molybdena  refembles  plumbago  in  appearance, 
but  in  its  texture  is  fcaly,  and  not  eafily  pulverifed. 
By  heat  it  is  converted  into  a  white  oxyd. 

Cobalt  is  of  a  grey  or  fteel  colour,  clofe  grained, 
difficult  to  fufe,  and  not  eafily  oxydated.  It  is  ge- 
nerally however  found  in  the  ftate  of  an  oxyd,  mine- 
ralized  by  fulphur  and  arfenic.  The  oxyd  of  cobalt 
when  fufed,  forms  a  beautiful  blue  glafs  called 
fmalt,  which  is  ufed  in  feveral  manufactures. 

Cobalt  is  foluble  in  the  acids,  particularly  in 
the  (late  of  an  oxyd,  but  does  not  form  any  intereft- 
ing  combinations,  excepting  the  folution  of  it  in 
the  nitro-muriatic  acid,  which  forms  a  curious  fym- 
pathetic  ink. 

Btfmuth  is  compofed  of  cubes,  formed  by  the 
application  of  plates  to  each  other ;  it  has  a  redifli 
tinge,  particularly  when  expofed  to  the  air  it  is 
nearly  ten  times  heavier  than  water,  is  not  mallea- 
ble, but  eafily  reduced  to  powder.    It  is  foluble  in 

the 
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the  acids,  from  which  it  is  precipitated  by  water 
alone,  in  the  form  of  a  white  oxyd,  which  is 
much  ufed  as  a  cofmetic. 

Nickel  has  a  redifti  call,  great  hardnefs,  is 
magnetic,  and  very  infufible.  It  is  foluble  in  the 
acids.  It  is  often  found  mineralized  by  copper, 
forming  cupfer-nickel ;  it  has  not  yet  been  applied 
to  ufe. 

Manganefe  is  of  a  dull  white  colour  when  in  its 
metallic  ftate,  but  grows  black  when  expofed  to 
the  air.  Its  attraction  for  oxygen  is  fo  great,  that 
it  is  always  found  in  the  form  of  an  oxyd,  which  is 
black,  hard,  and  ponderous  ;  it  contains  nearly  half 
its  weight  of  oxygen,  which  may  be  procured  from 
it  in  the  form  of  gas  merely  by  heat.  There  is  ano- 
ther oxyd  of  manganefe,  called  black  woad,  which 
inflames  fpontaneoufly  when  mixed  with  linfeed  oil, 

Antimony  is  of  a  whitifh  hi  very  colour,  and 
fcaly  texture  ;  it  melts  foon  after  ignition,  and  foon 
oxydates.  It  detonates  with  nitre,  and  forms  oxy- 
dated  antimoniated  potafh.  It  is  generally  found 
mineralized  by  fulphur,  in  the  form  of  fulphuret  of 
antimony,  or  crude  antimony,  which  is  converti- 
ble 
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ble,  by  heat  into  a  dark  coloured  glafs,  commonly 
called  crocus  metallorum. 

This  metal  is  often  ufed  in  medicine.    The  pre-  - 
parations  at  prefent  moft  ufed  are  antimonial  wine, 
and  antimonium  tartarifatum,  or   emetic  tartar. 
James's  fever  powder  is  likewife  a  preparation  of 
antimony. 
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ZlNC  is  a  metal  of  a  bluifh  caft,  brighter  than  lead, 
and  fo  far  malleable  as  not  to  be  broken  by  a  ham- 
mer, though  it  cannot  be  much  extended.  ..  .It 
melts  long  before  ignition,  and  when  heated  a  little 
above  its  melting  point,  particularly  if  agitated,  it 
burns  with  a  dazzling  white  flame,  and  oxydates 
with  great  rapidity.  The  oxyd  thus  formed  is  vola- 
tile, and  condenfes  into  a  flocculent  mafs,  which 
has  been  called  flowers  of  zinc,  or  philofophical 
wool. 

This  metal  is  very  volatile ;  it  is  generally  found 
mineralifed  by  fulphur  in  the  ore  called  blend  : 
there  is  likewife  another  one  of  zinc,  called  cala- 
mine. It  is  generally  found  mixed  with  more  or 
lefs  lead,  and  fometimes  in  fuch  quantity  in  the 
Eaft  Indies,  that  it  is  fufed  in  that  ftate,  and  forms 

the 
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the  metallic  compound  known  by  the  name  of  Tou- 
tenag.  Diluted  fulphuric  acid  diffolves  zinc  rapid- 
ly, and  a  great  quantity  of  very  pure  hydrogen  gas 
is  driven  off,  which  arifes  from  the  decompofition 
of  the  water.  The  fulphat  of  zinc  may  be  procured 
in  white  cryftals.  The  muriatic  and  nitric  acids  dif- 
folve  zinc,  but  the  compounds  formed  by  them 
with  this  metal  are  very  little  known. 

Zinc,  precipitated  from  its  folution  in  the  ful- 
phuric acid,  in  the  ftate  of  an  oxyd,  forms  a  pig- 
ment in  every  refpect  fuperior  to  white  lead. 

Mercury  differs  from  the  other  metals  in  preferv- 
ing  its  fluidity  in  the  common  temperature  of  the  at- 
mofphere,  but  if  cooled  down  to  390  below  o,  it 
becomes  folid,  hard,  and  malleable.  This  metal 
is  fourteen  times  heavier  than  water ;  it  evaporates 
in  low  degrees  of  heat,  and  boils  at  about  6oo°. 

When  expofed  to  the  air,  and  heated  fornewhat 
fhort  of  its  boiling  point,  its  furface  becomes  flow- 
ly  oxydated,  forming  the  red  oxyd  of  mercury; 
from  which  the  oxygen  may  be  expelled  in  a  very 
pure  ftate  by  expofing  it  to  a  red  heat. 

The  fulphuric  acid  when  hot,  is  decompofed 

by 
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by  mercury,  while  the  metal  is  convertedintoayellow 
oxyd,  which  was  formerly  called  turbith  mineral. 

Mercury  diflblves  very  readily  in  the  nitric  acid, 
oxydating  itfelf  by  decompofing  part  of  the  acid, 
and  the  oxyd  is  diflblved  in  the  remainder. 

The  muriatic  acid  unites  with  the  mercury  dif- 
folved  in  the  nitric  acid,  and  if  the  oxygenated  mu- 
riatic acid  be  employed,  corrofive  fublimate  is 
formed,  or  the  oxygenated  muriat  of  mercury;  but 
if  the  common  muriatic  acid  be  ufed,  then  the 
fubftance  formed  is  muriat  of  mercury,  or  calomel. 

Corrofive  fublimate  is  foluble  in  nine  times  its 
weight  of  water,  from  which  it  may  be  precipitated 
by  barytes,  magnefia,  or  lime. 

Mercury  combines  with  fulphur  by  trituration, 
forming  a  black  powder,  which  has  been  called 
Ethiops.  mineral.  A  more  intimate  combination 
is  formed  by  heat,  which  is  called  cinnabar,  which 
fubftance  powdered,  forms  vermillion. 

Mercury  is  ufually  found  mineralized  by  ful- 
phur, in  the  form  of  cinnabar ;  very  feldom  pure. 
It  readily  combines  with  moft  metals,  forming  what 
is  called  an  amalgam.     Looking  glalfes  are  cover- ; 
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ed  on  the  back  with  an  amalgam  of  mercury  and 
tin. 

Mercury  is  ufed  in  various  arts,  and  in  medicine. 

Ti  n  is  a  metal  of  a  flight  yellow  caft,  harder 
than  lead,  but  very  malleable,  and  capable  of  being 
extended  into  thin  plates  called  tin  foil.  It  is  the 
lighteft  known  metal,  extremely  fufible,  and 
when  melted,  it  oxydates  very  rapidly.  The  oxyd 
of  tin  is  very  infufible,  and  is  ufed  to  make  white 
opaque  enamels.  Thin  flieets  of  iron,  coated  with 
tin,  are  ufed  to  make  a  variety  of  utenfils. 

Tin  readily  unites  with  different  metals,  and  an 
amalgam  compofed  of  two  parts  of  mercury,  one 
of  zinc,  and  one  of  tin,  renders  the  action  of  elec- 
trical machines  very  powerful. 

Concentrated  fulphuric  acid,  aflifted  by  heat, 
diflblves  tin,  but  part  of  the  acid  is  decompofed. 
If  the  acid  be  diluted  with  water,  the  oxyd  of  tin 
is  precipitated.  Nitric  acid  attacks  tin  violently,  part 
of  it  is  decompofed  and  oxydates  the  tin,  and  the 
remainder  diflblves  the  oxyd  as  it  is  formed. 

The  muriatic  acid  alfo  diflblves  tin,  but  the 

nitro 
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nitro-muriatic  acid  diflblves  it  much  more  readily, 
forming  a  gelatinous  kind  of  liquor,  the  nitro-mu- 
riat  of  tin,  which  is  ufed  by  dyers  to  brighten  the 
colour  of  fome  red  tinctures.  Tin  detonates  with 
nitre ;  and  if  tin  foil  be  wetted  with  a  folution  of 
nitrat  of  copper,  heat  and  flame  will  be  produced. 

Tin  is  the  principal  ingredient  in  the  compofi- 
tion  of  pewter,  the  other  ingredients  are  lead,  zinc, 
bifmuth,  and  copper.  Tin  is  alfo  ufed  for  coating 
copper  veflels :  it  is  fometimes  found  native,  but 
generally  mineralized  by  iulphur  and  arfenic. 

Lead  has  no  great  tenacity,  but  very  confider- 
able  fpecific  gravity ;  it  melts  long  before  ignition, 
and  begins  to  oxydate.  In  its  firft  degree  of  oxy- 
dation  it  is  yellow,  and  has  been  called  mafsicot  j 
by  imbibing  more  oxygen  it  becomes  red,  and  is 
then  called  minium,  or  red  lead;  more  properly 
the  red  oxyd  of  lead.  If  a  great  heat  be  quickly 
applied,  this  oxyd  is  converted  into  litharge,  and 
by  a  ftill  greater  heat  into  glafs. 

Lead  unites  with  moft  metals,  but  not  with  iron. 
Two  parts  of  lead,  and  one  of  tin,  form  foft  folder, 
which  melts  with  lefs  heat  than  either  of  the  metals ; 
but  a  compofition  of  bifmuth,  lead,  and  tin,  in 

proper 
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proper  proportions,  makes  a  compound  fo  fufible, 
that  it  melts  in  boiling  water. 

Sulphuric  acid  will  not  act  upon  lead  unlefs 
boiling ;  it  is  then  decompofed  and  oxydates  the 
metal.  Nitric  acid  readily  converts  it  into  an  oxyd, 
which  is  diffolved  by  the  diluted  nitric  acid,  form- 
ing nitrat  of  lead. 

The  affinity  of  the  muriatic  acid  for  lead  is  fo 
ftrong,  that  this  metal  decompofes  all  the  muriatsj 
and  on  this  principle,  fome  manufactures  for  the 
feparation  of  foda  from  common  fait  have  been 
eftablifhed.  The  muriat  of  lead  formed  in  this  ope- 
ration is  of  a  beautiful  yellow  colour,  and  ufed  as  a 
pigment.  The  acetous  acid  oxydates  lead,  and  forms 
white  lead.  All  the  oxyds  of  lead  are  foluble  in  the 
acetous  acid,  and  thefolution  evaporated  forms  ace- 
tite,  or  fugar  of  lead.  If  this  acetite  of  lead  be  dif- 
folved in  water,  and  the  lead  precipitated  by  zinc, 
it  aflumes  a  beautiful  ramified  appearance. 

Lead  is  fometimes  improperly  ufed  to  fweeten 
fome  wines,  but  may  be  dete&ed  by  Hahnemann's 

teft. 

The  ufes  of  lead  are  very  numerous ;  perfons 

who 
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who  work  much  among  lead,  are  fubjed  to  a  com- 
plaint called  colica  piaonum,  which  may  be  remedied 
by  fulphuret  of  potafh.  Lead  is  feldom  found  na- 
tive, but  generally  mineralized  by  fulphur  and  arfe- 
nic.  Ir  is  fometimes,  though  feldom,  found  com- 
bined with  phofporic  acid. 

Iron  is  the  hardeft  and  mod  elaftic  of  all  the 
metals,  and  excepting  platina,  the  moft  difficult  to 
be  fufed.  Next  to  gold,  it  has  the  greater!  tenacity 
of  parts.  It  is  about  feven  times  heavier  than  wa- 
ter. This  metal  is  more  ufeful  than  any  other ; 
it  has  a  very  ftrong  attraction  for  oxygen,  which 
converts  its  furface  into  an  oxyd,  or  ruft.  Iron 
has  the  peculiar  property  of  welding  in  a  white 
heat. 

If  iron  be  deprived  of  its  oxygen  as  much  as 
poflible  by  placing  it  in  contact  with  red  hot  char- 
coal, it  becomes  much  more  hard  and  pure,  and  is 
called  fteel. 

Sulphuric  acid  diluted  diffolves  iron,  and  during 
the  folution  a  great  quantity  of  hydrogen  gas  flies 
off.  The  fulphat  of  iron  thus  formed  is  of  a  green 
colour  ;  but  is  never  made  for  ufe  by  art,  being 
extracted  from  pyrites,  or  fulphuret  of  iron. 

Nitric 
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Nitric  acid  acts  very  eagerly  on  iron,  and  is  de- 
compofed,  and  the  iron  is  thrown  down  in  the  form 
of  a  red  oxyd. 

The  muriatic  acid  difiblves  iron,  and  forms  a 
fait,  which  may  be  procured  in  cryftals. 

Iron  is  very  feldom  found  pure  in  nature,  but 
generally  combined  with  fome  other  fubftance ; 
mod  commonly  with  oxygen.  It  is  often  combi- 
ned with  fulphur,  forming  pyrites,  the  figure  of 
which  is  fometimes  very  beautiful.  It  is  fometimes 
combined  with  carbon,  and  then  is  called  plumba- 
go, or  black  lead. 

Iron  is  never  found  in  veins,  like  the  other 
metals,  but  ftratified  like  the  earths  :  and  there  are 
ftrong  reafons  for  fufpe&ing  that  the  greateft  part,  if 
not  all  the  iron  on  this  globe,  has  been  of  animal 
or  vegetable  origin. 
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COPPER  is  of  a  dull  red  colour,  and  a  fine  gra- 
nulated texture  when  broken  ;  it  pofleffes  confider- 
able  dudtibility,  and  may  be  drawn  into  fine  wire, 
or  beaten  into  thin  leaves ;  it  is  rather  more  than 
eight  times  heavier  than  water. 

Almoft  all  the  acids  diflblve  this  metal,  but 
what  is  remarkable,  they  diflblve  more  of  it  by 
{landing  in  the  cold,  than  by  boiling. 

Sulphuric  acid,  when  concentrated  and  hot, 
diffolves  copper,  forming  fulphat  of  copper,  or 
blue  vitriol,  which  may  be  procured  in  beautiful 
blue  cryftals.  One  hundred  parts  of  this  fait  con- 
tain thirty  of  acid,  forty-three  of  water,  and  twenty- 
feven  of  copper. 

The 
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The  nitric  acid  attacks  copper  very  rapidly,  and 
is  decompofed.  The  nitrat  of  copper  is  a  green 
diliquefcent  fait,  which  has  the  curious  property 
of  exploding  when  moiltened  and  rolled  up  in  tin 
foil,  as  has  been  before  noticed.  The  muriatic  a- 
cid  when  concentrated,  diflblves  copper,  but  the 
muriat  of  copper  is  very  little  known.  •  . 

The  vegetable  acids  diflblve  copper  very  eafily, 
on  which  account  the  ufe  of  this  metal  for  culinary 
purpofes  is  very  improper.  The  folution  of  copper 
in  the  acetous  acid,  forms  acetite  of  copper,  which 
may  be  procured  in  cryftals  of  a  beautiful  green  co- 
lour, and  which  is  commonly  called  verdigris. 

Copper  readily  unites  with  melted  tin,  at  a  tem- 
perature much  lower  than  what  is  neceflary  to 
melt  the  copper ;  by  which  means  copper  veflels 
are  eafily  covered  with  a  coating  of  tin. 

A  mixture  of  copper  and  tin  forms  bronze ; 
two  parts  of  copper  and  one  of  zinc  form  brafs, 
and  with  different  proportions,  prince's  metal. 
Copper  is  fometimes  found  native,  but  generally 
combined  with  fulphur  and  oxygen,  in  ores  of  a  red, 
green,  or  blue  colour. 
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Silver  is  white,  very  ductile,  and  about  eleven 
times  heavier  than  water.  If  filver,  finely  divided, 
be  immerfed  in  concentrated  and  boiling  fulphuric 
acid,  the  acid  is  decompofed,  and  a  large  quantity 
of  fulphurous  gas  flies  off;  and  the  filver  is  reduced 
to  a  white  oxyd. 

The  nitric  acid  diffolves  filver  very  rapidly,  and 
when  fully  faturated,  this  folution  depofits  cryftals 
of  nitrat  of  filver.  The  nitrat  of  filver  is  an  excel- 
lent teft  for  difcovering  the  prefence  of  the  muriatic 
acid. 

A  fulminating  property  may  be  imparted  to  the 
oxyd  of  filver,  precipitated  from  this  folution,  which 
is  much  more  extraordinary  and  terrible  than  any 
other  fubftance  with  which  we  are  acquainted.  The 
filver  is  precipitated  from  the  folution  by  lime-water, 
and  afterwards  warned  with  ammoniac. 

Gold  is  the  mod  perfect  and  indeftructible  of 
metals ;  it  appears  yellow  by  reflected  light,  but 
green  by  tranfmitted  light.  It  is  fo  tenacious,  and 
at  the  fame  time  ductile,  that  a  grain  of  it  may 
be  beaten  out  fo  as  to  cover  fifty-fix  fquare  inches, 
but  when  it  is  ufed  to  cover  filver  wire,  it  is  fpread 
over  a  furface  t  2  times  as  great.  Pure  gold  is  nine- 
teen 
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teen  times  heavier  than  water ;  it  melts  in  a  low  de- 
gree of  white  heat ;  it  readily  unites  with  the  other 
metals,  and  particularly  with  mercury;  and  on  this 
depends  the  pra&ice  of  gilding  metals. 

Neither  the  fulphuric,  muriatic,  or  nitric  acids, 
have  any  effecT:  on  Gold,  but  the  nitro- muriatic 
aciddiffolves  it  very  eafily  ;  and  if  it  be  precipitated 
from  the  folution  by  means  of  ammoniac,  the  pre- 
cipitate explodes  when  heated,  with  very  great 
violence. 

Gold  is  generally  found  pure,  mixed  with  earth, 
or  diffufed  in  fine  grains  through  ftones. 

Platina  is  generally  found  in  the  gold  mines  in 
fmall  particles,  and  it  is  the  heavieft  body  with  which 
we  are  acquainted,  being  at  leaft  twenty  two  times 
heavier  than  water.  It  is  harder  than  gold  or  fil- 
ver,  and  has  the  property  of  welding  with  iron. 

This  metal  is  infoluble  in  any  of  the  acids,  ex- 
cepting the  nitro  muriatic  and  oxygenated  muriatic 
2b;  it  unites  with  the  other  metals,  and  with 
:0pper  forms  a  compound,  fufceptible  of  a  fine 
polifh,  and  not  liable  to  tarnifh. 

From 


LECTURE  XXIV. 


J39 


From  the  earlieft  ages  of  chemiftry,  it  has  been 
thought  poffible  to  convert  metals  into  each  other ; 
and  this  tranfmutation,  though  hitherto  undifco- 
vered  by  the  alehymifts,  does  not  appear  abfolute- 
ly  impoffible  :  modern  chemiftry  having  fhown  the 
analogy  between  metallic  oxyds  and  acids,  may 
perhaps  in  time  lead  to  the  power  of  tranfmuting 
their  bafes. 

Dr.  Darwin's  theory  of  the  formation  of  the 
earth,  is  very  bold  and  ingenious;  he  fuppofes  the 
fun  to  confift  of  fimilar  materials  to  what  compofe 
the  interior  and  primary  matter  of  this  globe  ;  that 
during  a  folar  volcano,  the  earth,  along  with  the 
other  planets;  might  be  projected  from  the  fun;  that 
the  rotation  of  the  earth  might  be  occafioned  by 
its  adhefion  to  one  fide  of  the  cavity  from  which  it 
was  projected ;  and  that  from  its  rotation,  as  it 
was  then  in  a  liquid  ftate,  it  would  acquire  its 
fpheroidal  form. — The  heavieft  fubftances,  viz.  the 
metals,  would  fall  towards  the  center,  and  over 
thefe  would  be  depofited  the  earths  which  compofe 
granite  and  bafaltic  rocks  ;  as  it  cooled,  thefe  earths 
would  form  a  nucleus;  and  the  attending  and  fur- 
rounding  vapours,  being  condenfed,  would  form 
the  ocean,  which  furrounds  the  whole  globe.  • 


On 
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On  the  nucleus  of  granite  covered  by  the 
ocean,  would  be  formed  calcareous  beds  of  lime- 
ftone, marble,  and  chalk,  from  the  exuvias  of 
marine  animals;  thefe  would  become  ftratified,  from 
their  having  been  formed  at  very  different  or  dif- 
tant  periods  of  time.  The  whole  terraqueous  globe 
was  problably  then  rent  by  central  fires ;  iflands 
and  continents  would  be  raifed,  confifting  of  granite 
or  lava  in  fome  parts,  and  limeftone  in  others ;  in 
confequence  of  this,  great  vallies  would  be  funk, 
into  which  the  ocean  would  retire. 

On  fome  parts  of  thefe  iflands  and  continents 
of  granite  and  limeftone,  would  be  gradually  pro- 
duced extenfive  moraffes,  from  the  recrements  of 
vegetables  and  land  animals ;  and  from  thefe 
would  be  produced,  clay,  coal,  fulphur,  and  iron, 
with  the  bafes  of  a  variety  of  acids,  all  of  which 
would  be  ftratified. 

In  the  elevation  of  the  mountains  by  fubterra- 
neous  fires,  very  numerous  and-deep  nffures  would 
neceflarily  be  produced.  Into  thefe  fiflures,  many 
of  the  metals  would  be  raifed,  either  from  their 
being  forced  into  them  in  a  liquid  ftate,  or  which 
is  more  probable,  from  their  particles  being  evapo- 
rated, condenfed,  cryftallized,  and  mineralized,  in 
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thofe  cavities ;  hence  we  mould  expect  to  find  the 
moft  volatile  metals  in  the  greateft  quantities,  and 
vice  verfa,  which  is  confonant  to  experience. 
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THE  chemical  fubftances  which  have  been  hi- 
therto examined,  have  no  life  or  peculiar  organi- 
zation, excepting  what  refults  from  the  attraction 
of  their  particles.  We  now  proceed  to  the  chemi- 
cal consideration  of  thofe  fubftances,  which  pofifefs 
fuch  an  organization  and  irritability,  as  enable  them 
to  fulfil  the  two  great  ends  deftined  by  nature  ; — 
the  continuation  of  their  own  exiftence,  and  the 
reproduction  of  their  fpecies. 

Though  it  may  at  firft  fight  appear  very  eafy  to 
diftinguifti  the  three  kingdoms  of  nature  from  each 
other  ;  yet  there  is  fuch  a  gradation,  fuch  an  im- 
perceptible transition  of  one  kingdom  into  another, 
that  it  is  difficult  to  give  a  character i ft ic  definition 
of  one  which  embraces  all  the  individuals  of  it, 
and  at  the  fame  time  excludes  all  thofe  of  the 

other 
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other  kingdoms.  Indeed,  on  inquiry  we  mall  find, 
that  there  is  no  natural  diftinftion  of  this  kind,  and 
that  there  is  not  a  function  common  to  vegetables 
and  minerals,  which  fome  of  the  animal  tribe  do 
not  enjoy,  and  vice  verfa. 

The  fubftances  conftituting  the  texture  of  ve- 
getables differ  from  mineral  bodies,  in  being  of  a 
more  complex  order  of  composition  ;  and  though 
vegetables  are  extremely  fufceptible  of  decompo- 
fition  by  analyfis,  not  one  can  be  fynthetically  pro- 
duced. 

Though  the  analyfis  of  vegetables  fhews  that 
they  are  compofed  of  four  or  five  fimple  fubftances, 
viz.  caloric,  light,  water,  air,  and  carbon,  yet 
nothing  but  the  texture  and  organs  of  living  ve- 
getables, can  from  thefe  fubftances  form  the  mat- 
ters from  which  they  are  extracted. 

Though  vegetable  bodies  are  compofed  of 
thefe  few  fimple  principles,  yet  we  find  a  great 
variety  of  fubftances  produced  by  their  combina- 
tion ;  thefe  may  be  reduced  to  a  certain  number  of 
principal  heads,  which,  with  Fourcroy,  we  fhall 
call  the  immediate  materials  of  plants,  becaufe 
rhey  are  obtained  from  them  by  fimple  procefles, 
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almoft  wholly  mechanical ;  and  by  a  kind  of  di- 
re&  analyfis,  which  does  not  alter  the  nature  of  the 
products. 

Among  thefe  immediate  materials  of  vegetable 
bodies,  are  the  following  fubftances,  either  fluid 
or  folid.  Extractive  matter ;  mucus,  or  mucilage ; 
fugar ;  eflential  falts  ;  fixed  oil ;  volatile  oil ;  aro- 
ma ;  camphor,  refin ;  balfam  ;  gum-refin  ;  fecula; 
gluten  j  colouring  matter  ;  elaftic  gum  ;  and  wood- 
dy  fibre.  Of  thefe  immediate  materials,  which  are 
formed  of  fome  or  all  of  the  fimple  fubftances  before 
mentioned,  all  known  vegetables  are  compofed. 
The  properties  of  each  of  thefe  materials  are  particu- 
larly pointed  out  in  the  lecture. 

Since  thefe  immediate  materials  are  all  compof- 
ed of,  and  capable  of  being  feparated  by  analyfis, 
chiefly  into  carbonic  and  water  ;  it  may  be  proper 
to  inquire  how  vegetables  procure  the  principles 
which  form  thefe  materials. 

Water  is  evidently  the  fource  whence  vegeta- 
bles derive  the  hydrogen  ;  this  fluid  is  decompofed 
in  their  glands,  aflifted  by  folar  light,  and  becomes 
fixed  in  them  in  the  ftate  of  oil,  extract,  mucilage, 
&c.  The  greateft  part  of  the  vegetable  however 
confifts  of  carbon,  which  they  procure  from  the 

decompofition 
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decompofition  of  the  carbonic  acid  floating  in  the 
atmolphere,  or  diflblved  in  the  water,  which  is  ab- 
forbed  by  them ;  when  thefe  vegetables  decay, 
their  mould  affords  carbon  to  future  vegetables, 
which  nounflies  them  luxuriantly.  This  mould,  or 
carbon,  is  however  gradually  exhaufted  by  vegeta- 
tion when  the  crop  is  carried  off,  and  then  the  far- 
mer is  obliged  to  fupply  frefh  quantities  of  carbon, 
which  is  generally  done  in  the  form  of  dung ;  the 
rain  water  which  falls  on  the  ground  thus  manured, 
becomes  faturated  with  carbon,  and  then  contains 
all  the  principles  of  vegetation. 
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ANIMAL  fubftances  differ  from  vegetable,  prin- 
cipally in  the  following  circumftances.  Firft,  they 
afford  a  confiderable  portion  of  ammoniac,  and 
very  foetid  produces  by  the  action  of  fire.  Second, 
they  putrefy  more  ealily  and  (peedily,  giving  out  a 
much  worfe  fmell.  Third,  they  yield  when  a&ed 
on  by  the  nitric  acid,  a  much  greater  quantity  of 
azotic  gas,  and  laftly,  they  contribute  Angularly  to 
the  formation  of  nitric  acid. 

Thefe  differences  feem  to  depend  on  animal  bo- 
dies being  poflefled  of  one  fubftance  in  much  great- 
er abundance  than  vegetables,  viz.  azote.  Befides 
thefe  circumftances,  in  which  animal  fubftances 
differ  from  vegetable,  the  former  generally  contain 
a  quantity  of  phofphoric  acid  and  cak^  sous  earth. 

Azote 
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Azote,  which  is  fo  abundant  in  animal  fub- 
ftances, is  undoubtedly  the  caufe  of  their  con- 
crefcibility  and  plafticity.  If  we  mould  deprive  ani- 
mal fubftances  of  their  azote,  they  would  be  con- 
verted into  fubftances  refembling  vegetables,  and 
if  we  could  introduce  azote  into  vegetable  fubftan- 
ces, we  mould  animalize  them. 

All  matters  which  form  the  bodies  of  animals, 
and  which  may  be  extracted  from  them  without 
altering  their  nature,  may  be  confidered  as  fo  many 
immediate  principles,  as  was  done  with  refpedt  to 
vegetables. 

The  principal  animal  fluids  are,  Firft,  the  blood, 
which  confifts  of  three  immediate  materials,  or 
principles,  the  ferum,  the  craflamentum,  or  coa- 
gulable  part,  and  the  colouring  part,  or  red  glo- 
bules, as  they  are  called.  Second,  milk,  which  is 
the  leaft  annualized  of  all  the  fluids,  and  confifts 
likewife  of  three  immediate  materials,  ferum,  or 
whey,  butter,  and  cheefe.  Third*  the  bile,  which 
is  a  faponaceous  fluid,  confiding  chiefly  of  an  ani- 
mal oil,  combined  with  foda.  Fat  is  nothing  but 
animal  oil  in  a  coagulated  ftate. 

The  fubftances  which  compfe  the  folid  parts  of 
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animals  may  likewife  be  divided  into  three  imme- 
diate materials,  or  principal  genera;  Firft,  Albu- 
men. Second,  Gelatin.  Third,  Fibrin,  or  Fi- 
brous matter.  Thefe  three  fubftances  in  a  ftate  of 
concretion  and  combination,  form  all  the  folids  of 
animals,  and  are  feparable  from  each  other  by  an 
eafy  analyfis.  Thefe  different  immediate  principles 
are  particularly  examined  in  the  lecture. 

By  whatever  means  we  deprive  animal  fub- 
ftances of  their  azote,  we  reduce  them  to  fubftances 
refembling  vegetables ;  the  mufcular  fibre  exclud- 
ed from  the  contact  of  the  air,  but  particularly  if  in 
contact  with  water,  parts  with  its  azote,  and  is  con- 
verted into  a  fubftance  refembling  fpermaceti,  which 
in  its  analyfis,  agrees  with  the  common  expreffed 
oils  of  vegetables. 

When  vegetables  and  animals  are  deprived  of 
life,  movements  are  excited  in  them  which  deftroy 
their  texture,  and  alter  their  compofition.  Thefe 
movements  conftitute  the  different  kinds  of  fermen- 
tation. 

When  the  faccharine  principle  is  predominant 
in  vegetables,  the  product  of  fermentation  is  a  fpi- 
rituous,  or  vinous  liquor ;  when  mucilage  is  pre- 
dominant, 
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dominant,  the  product  is  an  acid,  and  if  the  gluten 
mould  prove  moft  abundant,  the  fermentation  will 
be  of  the  putrefactive  kind.  Hence  it  is  evident 
that  vegetable  fubflances  may  fucceflively  experi- 
ence all  the  different  kinds  of  fermentation. 

When  vegetable  fubflances,  particularly  fac- 
charine  matters,  are  mixed  in  proper  quantity  with 
water,  and  expofed  to  a  gentle  heat,  the  water  be- 
comes decompofed  ;  its  oxygen  combines  with  the 
carbon  of  the  vegetable,  forming  carbonic  acid, 
which  is  difengaged  in  large  quantity  during  fer- 
mentation ;  at  the  fame  time,  the  hydrogen  of  the 
water,  uniting  with  the  mucilage,  forms  alkohol, 
which  being  mixed  with  water,  and  part  of  the  carbon 
of  the  faccharine  matter,  together  with  extractive  and 
colouring  matter,  is  called  wine.  The  alkohol  may 
be  feparated  from  thefe  matters  by  diftillation  with 
a  gentle  heat.  Pure  alkohol  appears  to  be  hydro- 
gen in  a  liquid  ftate,  combined  with  a  fmall  quan- 
tity of  carbon,  which  moft  probably  caufes  its  flu- 
idity j  for  we  find  that  the  more  we  deprive  it 
of  its  carbon,  the  nearer  it  approaches  to  the  ftate 
of  hydrogen  gas.  Ether  feems  to  be  hydrogen, 
combined  with  much  lefs  carbon.  It  is  converti- 
ble into  gas  with  a  gentle  heat,  which  very  much 
refembles  hydrogen  gas  in  its  properties. 

The 
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The  acid  fermentation  is  the  next  natural 
movement,  which  contributes  to  reduce  vegetable 
compounds  to  more  fimple  ftates  of  compofition. 
After  vegetables  have  palled  through  this  flate, 
their  decompofition  continuing  under  favourable 
circumftances,  leads  to  the  decompofition  of  the 
laft  principle,  the  gluten,  which  terminates  in  vo- 
latalizing  moft  of  their  principles  in  the  form  of  gas  ; 
after  this,  nothing  remains  but  a  brown  or  black 
refiduum,  called  mould,  compofed  of  carbon,  fome 
faks,  a  little  oil,  and  extractive  matter. 

When  animal  fubftances,  deprived  of  life,  are 
expofed  to  the  air,  their  component  parts  foon 
become  altered  by  more  fimple  attractions  between 
their  principles,  which  have  a  tendency  to  unite 
two  and  two  together.  In  the  union  of  hydrogen 
and  azote,  we  perceive  the  formation  of  ammoniac, 
the  combination  of  carbon  with  oxygen,  explains 
the  evolution  of  carbonic  acid.  Nitric  acid  arifes 
from  the  union  of  oxygen  and  azote.  A  quantity 
of  hydrogen  is  extricated  in  the  form  of  gas,  carry- 
ing off  with  it  fulphur  and  phofphorus,  which 
caufes  the  difagreeable  fmell  that  attends  animal 
putrefaction  j  nothing  now  remains  but  a  portion  of 
carbon,  mixed  with  phofphat  of  foda  and  phofphat 
of  lime. 

Hence 
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Hence  we  fee,  that  by  the  procerTes  of  fermen- 
tation and  putrefa&ion,  complex  bodies  are  con- 
verted into  fubftances  lefs  compound ;  and  that 
nature  reftores,  in  the  new  combinations  that  are 
formed,  the  principles  me  had  borrowed  from  the 
atmofphere  for  the  formation  of  animals  and  vege- 
tables i  and  thus  me  accomplices  the  perpetual 
circle  of  compofitions  and  decompofitions,  which 
demonftrates  her  fecundity,  while  it  announces 
equal  grandeur  and  fimplicity  in  her  operations. 


LECTURE 
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FROM  the  analyfis  of  vegetables  fubftances  it 
appears,  that  they  are  compofed  chiefly  of  three 
principles,  carbon,  hydrogen,  and  oxygen  j  the 
whole  of  the  woody  fibre  confifts  of  carbon,  the 
other  parts  of  the  vegetable  confift  of  modifications 
of  thefe  three  principles,  fo  that  carbon  is  the  prin- 
ciple which  is  contained  by  vegetables  in  the 
greateft  quantity. 

Since  vegetables  as  well  as  animals  will  be  dif- 
cafed,  if  they  receive  either  too  little  or  too  much 
nourifliment,  it  is  evident  that  the  great  bulinefs  of 
agriculture  muft  be, 

i.  To  fupply  plants  with  proper  nourifliment. 


2.  To  fupply  that  nourifliment  in  proper  quan- 
tity. The 
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The  firft  is  accomplished  by  the  application  of 
manures;  the  latter  depends  upon  the  fimple  ele- 
mentary earths  in  which  plants  grow,  being  of  fuch 
confiftency  or  in  fuch  proportion,  as  to  tranfmit 
nourifhment  to  plants  in  proper  quantity. 

From  the  decompofition  of  water,  plants  gain 
their  hydrogen,  and  in  the  cafe  where  they  are  not 
fupplied  with  carbon  directly  in  the  form  of  ma- 
nure, but  only  abforb  water  impregnated  with 
carbonic  acid,  it  is  evident  that  they  mull  decom- 
pofe  that  acid,  and  apply  the  carbon  to  the  forma" 
tion  of  the  woody  fibre.  As  much  of  the  oxygen 
of  the  water  and  carbonic  acid  as  is  neceliary  to 
form  the  vegetable  juices  is  retained,  while  the 
remainder  is  perfpired  by  the  plant  in  the  form  of 
gas,  which  purifies  the  atmoiphere. 

There  is  no  doubt  then  that  plants  do  ob- 
tain carbon  by  the  decompofition  of  the  carbonic 
acid  which  is  diffolved  in  water ;  yet  this  fluid  fel- 
dom  contains  a  fufficient  quantity  of  that  gas  to 
make  vegetables  grow  vigoroufly  and  luxuriantly. 
In  grounds  however,  where  vegetables  are  not  car- 
ried off,  butfuffered  to  decay,  their  relicks  afford  a 
fufficient  quantity  of  carbon  for  the  nourifhment  of 
the  future  vegetable ;  but  if  the  crops  be  taken  off, 

this 
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this  carbon  will  in  a  few  years  be  exhaufted ;  and 
if  the  fame  crop  is  to  be  continued,  a  frefh  quantity 
of  carbon  muft  be  fupplied  by  the  farmer.  Carbon 
not  only  forms  the  refiduum  of  all  vegetables  which 
have  decayed,  or  undergone  a  fmothered  combuf- 
tion,  butalfo  of  all  putrid  vegetable  and  animal 
bodies ;  hence  it  is  found  in  all  vegetable  and  ani- 
mal bodies  that  have  undergone  putrefaction,  and 
is  the  true  bafis  of  their  nutritive  powers,  as  manures. 
Carbon  however  cannot  produce  its  beneficial  effects 
unlefs  it  be  foluble  in  water,  for  in  no  other  flate 
can  it  be  abforbed  by  the  plant.  The  procefs  of 
both  animal  and  vegetable  putrefaction  is  accom- 
panied by  that  of  oxygenation,  forming  carbonic 
acid,  which  is  eagerly  diffolved  in  water  and  abforbed 
by  plants.  But  all  vegetables  after  death,  even  before 
putrefaction,  unite  with  a  quantity  of  oxygen,  though 
not  fufficient  to  convert  them  into  carbonic  acid ; 
and  in  this  ftate  they  form  excellent  manures,  for 
though  they  are  then  in  a  great  meafure  infoluble, 
yet  when  fpread  upon  the  furface  of  the  ground, 
they  are  by  the  action  of  air  and  water,  converted 
into  carbonic  acid. 

To  this  procefs  of  partial  oxygenation,  the  con- 
tinuance of  vegetable  matter  on  the  furface  of  the 
earth  is  to  be  chiefly  afcribed. 

Having 
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Having  mown  what  is  the  proper  food  of  plants, 
and  that  if  they  be  fupplied  with  water  and  carbon, 
and  expofed  to  the  influence  of  light,  which  affifts 
in  the  decompofition  of  the  water  and  carbonic  add, 
they  will  grow  and  live,  I  (hall  next  take  a  (hort 
view  of  the  nature  of  foils,  or  the  mixture  of  the 
fimple  earths  moft  proper  for  tranfmitting  thefe  nu- 
tritive principles  to  vegetables. 

The  earths  in  which  vegetables  grow,  confift 
chiefly  of  a  mixture  of  calcareous,  filicious,  and  ar- 
gilaceous  earth,  which  do  not  afford  any  nourifh- 
ment  to  the  vegetable,  but  when  mixed  in  proper 
proportions,  they  retain  and  tranfmit  the  nourish- 
ment as  it  is  wanted  ;  without  fuch  a  precaution, 
plants  would  have  been  expofed  to  the  dreadful  al- 
ternative of  being  either  parched  up  by  heat,  or  de- 
luged with  water.  The  fame  foil,  or  mixture  of 
fimple  earths,  will  not  however  fuir  every  plant,  but 
ought  to  be  varied  according  as  a  plant  has  need  of 
a  more  or  lefs  quantity  of  water,  and  according  as 
it  is  neceflary  for  its  roots  to  extend  to  a  greater  or 
lefs  diflance. 

A  foil  proper  for  vegetation  ought  to  poffefs  the 
following  properties.  Firft,  it  mould  be  of  fuch  a 
confidence  as  to  afford  a  firm  mechanical  fupport 

to 
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to  the  plant.  Second,  it  mould  be  fuch  as  to  fuf- 
fer  the  roots  of  the  plant  to  extend  with  eafe  to  a 
proper  diftance.  Third,  it  mould  be  enabled  to 
retain  a  fufficient  degree  of  humidity  to  fupply  the 
demands  of  the  plant. 

In  order  to  obtain  thefe  properties,  it  is  necefla- 
ry  that  the  elementary  earths  mould  be  mixed  toge- 
ther in  proper  proportion,  for  none  of  them  is  alone 
poffefled  of  the  qualities  required.  Hence  like- 
wife  we  fee  the  neceffity  of  being  acquainted  with 
the  chemical  properties  of  a  foil,  before  we  can  a- 
meliorate  it  by  tillage.  The  method  of  analyzing 
different  foils  is  particularly  pointed  out  in  the  lec- 
ture. In  afcenaining  the  proportions  of  the  Am- 
ple earths,  in  order  to  form  the  mod  fertile  foil,  re- 
gard mud  however  be  had  to  the  quantity  of  rain 
which  falls  ;  for  it  is  evident,  that  where  the  fall  of 
rain  is  great,  the  foil  ought  to  be  fuch  as  not  to  be 
very  retentive  of  moiflure,  and  the  contrary. — 
Hence  we  fee  the  neceffity  of  meteorological  obfer- 
vations  to  the  farmer. 

M.  Tillet  has  mown,  that  the  moft  fertile  foil 
for  wheat,  in  flat  countries,  where  a  moderate  quan- 
tity of  rain  falls,  is  compofed  of  f  of  argil,  £  of  fand, 
and  I  of  calcareous  earth. 
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As  a  component  part  of  foils,  iron  muft  not 
pafs  unnoticed,  as  it  feems  to  promote  the  folution  of 
carbon.  The  iron  exifts  in  the  ftate  of  an  oxyd, 
the  oxygen  of  which  combining  with  the  car- 
bon of  the  manure,  forms  carbonic  acid.  When 
the  carbon  is  exhaufted,  the  iron  again  oxydates, 
and  is  then  in  a  condition  to  act  as  before,  on  frefh 
carbon  which  is  fpread  on  the  ground.  Paring  and 
burning  ought  to  be  practifed  with  judgment,  for 
there  are  only  fome  foils  which  will  bear  it,  as  no- 
thing exhaufts  the  foil  fo  quickly  as  this  operation. 
Some  lands  may  however  be  benefited  by  it,  fuch 
as  peaty  grounds,  or  foils  covered  with  a  fward  of 
unprofitable  herbage,  and  containing  a  fuperabun- 
dance  of  vegetable  matter.  The  combuftion  fhould 
be  conducted  in  as  flow  and  fmothered  a  manner  as 
pofiible,  that  the  carbon  may  not  be  confumed. 

In  fome  countries  gypfum,  or  fulphat  of  lime, 
is  employed  as  a  manure,  but  is  not  much  ufed  in 
this  ifland  ;  it  feems  to  act  more  as  a  feptic,  in 
promoting  the  deftru&ion  of  vegetable  matters, 
and  confequently  the  folubility  of  carbon,  than  as 
affording  any  nourifhment  to  vegetables  ;  and  hence 
it  is  not  ploughed  in  like  other  manures,  but  only 
ftrewed  upon  the  land,  and  generally  in  the  month 
of  February,  to  convert  the  old  grafs  quickly  into 
carbon,  that  it  may  nourilh  the  young.  ic 
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It  has  lately  been  found  that  fteeping  feeds  in 
the  oxygenated  muriatic  acid,  had  a  particularly 
beneficial  effecl:  in  producing  vigorous  and  early 
plants,  and  that  the  fame  liquor  poured  upon  the 
ground  has  likewife  a  beneficial  effect.  Does  the 
oxygen  here  promote  the  folution  of  the  carbon  ? 
This  fubjedt  deferves  farther  inveftigation. 


LECTURE 
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An  account  is  firft  given  of  the  old  method  of 
bleaching  cottons  and  linens,  and  the  common 
modes  of  bleaching  woollens  and  filks,  which  are 
well  known.  The  greateft  improvement  that  has 
been  made  in  bleaching  is  that  by  M.  Berthollet, 
by  means  of  the  oxygenated  muriatic  acid. 

Scheele  was  the  firft  who  introduced  this  acid  to 
our  acquaintance,  and  obferved  the  effe&s  which 
it  produces  on  the  colouring  parts  of  vegetables ; 
but  it  was  Berthollet  who  firft  thought  of  applying 
it  in  an  extenfive  way  to  the  purpofes  of  bleaching. 

Scheele  thought  that  the  oxygenated  muriatic 
acid  gas,  procured  by  diftilling  muriatic  acid  from 
manganefe,  poffefled  but  little  folubility  in  water  j 
but  Berthollet  found,  that  it  may  eafily  be  dif- 
folved  in  large  quantity  in  that  fluid. 

U 
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If  vegetable  bodies  of  different  colours  be  plung- 
ed into  the  oxygenated  muriatic  acid,  they  difap- 
pear  more  or  lefs  fpeedily  and  perfectly  ;  when  the 
fubftance  poffeffes  a  mixture  of  different  colouring 
parts,  fome  difappear  more  eafily,  and  leave  only 
thofe  which  moft  effectually  refift  the  power  of  this 
agent,  but  have  neverthelefs  fuffered  confiderable 
alteration.  The  yellow  colouring  matters  ufually 
refift  the  moft  ftrongly,  but  at  length  they  all  dif- 
appear, and  when  the  oxygenated  muriatic  acid  has 
exerted  its  whole  action,  it  is  found  reduced  to  the 
ftate  of  ordinary  muriatic  acid.  Hence  it  appears, 
that  the  colouring  matters  have  deprived  it  of  its 
oxygen,  and  have  by  this  combination  acquired 
new  properties,  at  the  fame  time  they  have  loft 
that  of  producing  colours.  From  this  it  was  not 
unnatural  to  conclude  that  this  liquor  might  pro- 
duce the  fame  effect  upon  thofe  fubftances  which 
colour  cotton  and  linen,  and  which  it  is  the  bufi- 
nefs  of  the  art  of  bleaching  to  deftroy. 

M.  Berthollet  firft  tried  the  effects  of  this  acid, 
without  any  previous  preparation  of  the  fubftances 
to  be  bleached,  but  he  foon  found,  that  though  he 
fucceeded  in  bleaching  his  cloth  without  injuring 
it,  yet  it  became  yellow  by  keeping  his  reflecti- 
ons were  therefore  directed  to  the  circumftances  of 

the 
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the  ufual  procefs  of  bleaching,  which  he  endea- 
voured to  imitate. 

The  expofure  of  cloth  to  air  in  bleach  grounds, 
will  not  bleach  it,  for  it  only  combines  the  colour- 
ing matters  with  oxygen,  which  renders  them  folu- 
ble  in  alkaline  lixivia ;  the  oxygenated  muriatic  a- 
cid,  by  imparting  its  oxygen,  produces  the  fame 
effecT:  in  a  few  hours,  which  is  produced  by  ex- 
pofure to  the  air  for  a  very  long  time  ;  he  therefore 
tried  alternately  the  immerfion  in  oxygenated  muri- 
atic acid  and  alkaline  lixivia,  and  fucceeded  perfect- 
ly in  producing  a  permanent  white.  This  mode  of 
bleaching  has  fince  come  into  considerable  ufe,  and 
is  undoubtedly  a  very  great  improvement.  Cloths 
which  required  a  long  time  to  bleach  them,  mav  be 
now  completely  finiihed  in  a  few  days ;  the  new 
mode  of  bleaching  may  be  carried  on  in  winter 
nearly  as  well  as  in  fummer,  and  thofe  fertile  mea- 
dows, which  during  the  fineft  and  moft  productive 
part  of  the  year  are  covered  with  cloth,  may  be 
fubjected  to  agriculture. 

The  oxygenated  muriatic  acid  was  at  firlt  pro- 
cured by  diftilling  the  muriatic  acid  from  manga- 
nefe  in  Woulfe's  apparatus  j  but  as  foon  as  M. 
Berthollet  had  reafon  to  hope  that  the  piocels  might 

M  be 
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be  executed  in  the  large  way,  he  endeavoured  to 
diminifh  the  price  of  the  liquor,  by  decompofing 
muriat  of  foda,  or  common  fait,  in  the  fame  opera- 
tion which  ferved  to  form  the  liquor  ;  which  he  did, 
by  mixing  together  in  the  retort,  common  fait,  and 
the  black  oxyd  of  manganefe,  and  pouring  upon 
the  mixture  diluted  fulphuric  acid,  which  expels 
the  muriatic  acid  from  the  foda  in  the  form  of  gas, 
which  gas  attra&mg  oxygen  from  the  manganefe, 
comes  over,  and  is  diffolved  by  the  water  in  the  re- 
ceiver. The  proportions  direfted  by  Berthollet 
are  fix  parts  of  powdered  oxyd  of  manganefe,  fix- 
teen  of  fea  fait,  and  twelve  of  concentrated  fulphu- 
ric acid,  diluted  with  an  equal  quantity  of  water.  In 
order  to  judge  of  the  ftrength  of  the  oxygenated 
muriatic  acid,  a  folution  of  indigo  in  the  fulphuric 
acid  may  be  ufed.  Mr.  Watt  recommends  for  the 
fame  purpofe,  a  folution  of  cochineal  in  water. 

The  apparatus  for  procuring  the  oxygenated 
muriatic  acid,  has  been  much  improved  by  differ- 
ent bleachers  and  chemifts,  and  is  now  very  conve- 
nient. The  mod  approved  machines  for  this  pur- 
pofe are  defcribed  in  the  leclure. 
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DYING  is  the  art  of  tinging  cloth,  fluff,  or  other 
matters,  with  a  permanent  colour,  which  penetrates 
its  fubftance.  It  is  an  art  of  very  great  antiquity, 
and  is  more  or  lefs  practifed  in  almoft  all  nations, 
whether  civilized  or  favage. 

The  moft  remarkable  general  fadt  in  the  art  of 
dying,  conlifts  in  the  different  degrees  of  facility 
with  which  animal  and  vegetable  fubftances  attract 
and  retain  colouring  matter ;  or  the  degree  of  faci- 
lity with  which  the  dyer  can  tinge  them  with  any 
intended  colour. 

The  fubftances  to  be  operated  on  by  the  dyer, 
are  animal  or  vegetable,  of  which  the  former  are 
much  more  eafily  dyed  than  the  latter,  and  this 

feems 
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feems  chiefly  to  depend  on  the  difference  of  their 
conftituent  parts.  The  chief  chemical  difference 
between  animal  and  vegetable  fubftances,  is,  that 
the  former  contain  only  a  fmall  portion  of  carbon, 
which  is  the  moft  fixed  elementary  fubftance,  and 
a  large  quantity  of  hydrogen  and  azote,  both  of 
which  are  very  volatile  ;  while  vegetables  contain  a 
very  large  portion  of  carbon,  lefs  hydrogen,  and  in 
general  no  azote  ;  and  as  the  azote  and  hydrogen  rea- 
dily afiume  an  elaftic  form,  of  which  carbon  is  inca- 
pable ;  the  wool,  hair,  and  filk,  in  which  thefe  fub- 
ftances abound,  have  lefs  adhefion  between  their 
conftituent  parts,  than  what  exifts  between  thofe  of 
cotton,  linen,  &c.  and  are  therefore  more  ftrongly 
difpofed  than  the  latter  to  combine  with  other  fub- 
ftances, when  heated  and  brought  into  contact  with 
them  ;  and  it  is  probably  in  confequence  of  this  dif- 
pofition,  that  wool,  hairs,  and  filk,  manifeft  ftrong- 
er  affinities  or  attractions  for  colouring  matters,  than 
cotton  and  linen ;  it  being  well  known  to  dyers, 
that  cotton  and  linen  will  neither  of  them  receive 
any  colour  by  the  fame  preparation,  or  in  the  fame 
liquor  which  dyes  wool,  or  woollen  cloth  fcarlet. 
Wool  and  filk  are  alfo  more  readily  decompofed, 
or  injured  by  acids,  alkalies,  and  other  chemical 
agents;  which  ought  therefore  to  be  more  fparingly 
ufed  in  the  dying  of  animal,  than  of  vegetable 
fubftances.  Wool 
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Wool  is  naturally  fo  much  difpofed  to  combine 
with  colouring  matter,  that  it  requires  but  little 
preparation  for  the  immediate  procefs  of  dying; 
but  filk  mud  firft  be  freed  from  a  kind  of  varnifh 
with  which  it  is  covered,  by  boiling  either  in  pure 
water,  or  a  very  weak  folution  of  alkali ;  it  muft 
then  be  bleached,  by  expofure  to  the  fumes  of  ful- 
phur.  Cotton  and  linen  are  cleared  of  their  ting- 
ing matter  by  boiling  them  in  a  folution  of  fixed 
alkali,  they  are  then  to  be  bleached,  either  by  ex- 
pofure to  the  air  and  folar  light  on  bleach  grounds, 
or  by  immerfion  in  the  oxygenated  muriatic  acid. 
The  fluff  being  thus  bleached,  will  not  only  im- 
bibe the  colouring  matter  of  the  dye  more  readily ; 
but  being  rendered  whiter,  is  more  capable  of  re- 
flecting the  light  that  falls  upon  it  through  the  co- 
louring matter,  and  thus  exhibits  more  brilliant 
tints. 

In  general  the  particles  of  cotton  and  linen  have 
little  attraction  for  the  colouring  matters,  and  there- 
fore could  not  be  dyed  but  by  means  of  intermedi- 
ate affinity.  The  fubftance  to  be  dyed  muft  firft 
be  impregnated  with  a  fubftance  which  has  an  at- 
traction both  for  it  and  for  the  colouring  matter, 
and  then  when  the  latter  is  applied,  it  will  adhere 
to  it  firmly.    Thefe  intermediate  or  connecting  fub- 

ftances 
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fiances  have  been  called  mordants,  or  bafes ;  the 
moft  remarkable  are  argil,  and  fome  metallic  oxyds. 

If  the  bafe  be  univerfally  applied  over  the 
piece  of  goods,  and  this  be  afterwards  immerfed  in 
the  bath,  it  will  receive  a  permanent  tinge  over  its 
whole  furface  ;  but  if  it  be  applied  only  in  parts,  the 
dye  will  ftrike  thofe  parts  only.  The  former  pro- 
cefs  constitutes  the  art  of  dying  properly  fo  called  ; 
and  the  latter  the  art  of  printing,  ftaining,  or  paint- 
ing. 

In  the  art  of  printing,  the  mordant,  or  bafe, 
(which  generally  confifts  of  argil,  or  iron)  is  mixed 
with  gum,  and  applied  by  means  of  blocks,  or 
wooden  engravings  in  relief.  The  piece  is  then  im- 
merfed in  a  folution  of  cow's  dung,  which  among 
other  effects,  feems  to  act  by  covering  thofe  parts 
to  which  the  bafe  has  not  been  applied,  with  a  mu- 
cilaginous matter,  which  renders  them  lefs  capable 
of  receiving  the  dye.  The  colours  are  then  brought 
out  in  a  bath,  filled  with  fuitable  compofitions  ; 
very  often  a  decoction  of  madder  is  ufed,  and  when 
this  is  the  cafe,  if  an  argilaceous  bafis  has  been  ap- 
plied, the  whole  will  come  out  of  a  red  colour. 
With  the  piece  in  this  ftate,  the  printer  has  only  to 
avail  himfelf  of  the  difference  between  a  fixed  and 

fugitive 
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fugitive  colour.  He  therefore  boils  the  piece  in 
bran,  or  brewer's  grains,  which  take  up  part  of  the 
colour,  and  then  the  common  mode  of  bleaching 
takes  away  the  remainder  from  all  parts  excepting 
thofe  to  which  the  bafe  has  been  applied,  which 
will  continue  of  a  permanent  red.  If  the  bafe  be 
iron,  then  the  part  printed  will  be  black,  but  if  it 
be  a  mixture  of  argil  and  iron,  the  permanent  co- 
lour will  be  purple  ;  and  it  is  evident,  that  by  print- 
ing the  fame  piece  with  thefe  bafes,  both  feparate 
and  mixed,  the  three  colours  will  be  produced  by 
the  bath. 

In  order  to  form  the  argilacious  bafe,  fulphat  of 
alumin  is  mixed  with  acetite  of  lead.  In  this  cafe  a 
double  decomposition  takes  place.  The  fulphuric 
acid  uniting  with  the  lead,  forms  fulphat  of  lead, 
which  is  precipitated,  and  thrown  away,  and  the 
acetite  of  alumin  being  formed  of  a  proper  confif- 
tence  by  means  of  {larch,  or  gum,  is  applied  by  the 
blocks ;  the  piece  is  then  expofed  to  a  fufficient 
heat  to  drive  off  the  acetous  acid. 

The  iron  bafis  is  formed  by  acetite  of  iron ; 
and  the  acetous  acid  is  likewife  driven  off  by 
heat. 

The 
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The  materials  for  dying  are  very  numerous  ; 
fome  produce  durable  colours,  which  cannot  be 
difcharged  either  by  expofure  to  the  air,  or  by  warn- 
ing with  foap,  others,  though  they  will  ftand  the 
action  of  foap,  cannot  refift  that  of  the  air.  The 
moft  permanent  dyes  we  have,  are  cochineal  and 
gum  lac  for  fine  reds  and  fcarlets ;  indigo  and 
woad  for  blue  j  and  thefe  laft  when  mixed  with 
different  proportions  of  the  others,  for  purples  and 
violets ;  weld,  and  fome  vegetables,  for  yellows ; 
and  madder  for  coarfe  reds,  purples,  and  blacks. — 
The  fading  colours  are  much  more  numerous  ;  in 
this  clafs  are  included  log-wood,  brazil-wood, 
peach-wood,  red-wood,  fuftic,  archil,  &c. 

Indigo  muft  firfl  be  deoxydated  by  means  of  or- 
piment,  or  fugar,  it  then  becomes  foluble  in  the 
bath  ;  but  the  fubftance  dyed  by  it  comes  out  of  a 
green  colour,  which  foon  changes  to  a  blue  by  the 
abforption  of  oxygen  from  the  atmofphere.  Stil- 
phat  of  indigo  dyes  the  faxon  blue,  and  the  quer- 
citron bark  is  now  much  ufed  in  dying  and 
printing. 

There  is  no  art  which  depends  fo  much  on 
chemiftry  as  dying,  yet  its  principles  are  by  no 
means  well  eftablifhed  ;  neither  are  the  facts  con- 
nected 
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netted  by  a  fatisfactory  theory ;  but  as  chemifts 
are  now  become  dyers,  and  dyers  chemifts,  we 
may  hope  that  this  art  will  foon  affume  a  more  fci- 
entific  form. 
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IN  the  inveftigation  and  analyfis  of  mineral  waters, 
the  fenfible  qualities  are  firfb  to  be  carefully  obferv- 
ed  ;  thefe  are  by  no  means  circumftances  of  indif- 
ference ;  for  they  will  ferve  to  indicate  the  proceffes 
we  are  to  ufe,  and  fave  much^  trouble.  The  phy- 
fical  properties,  fuch  as  fpecific  gravity,  tempera- 
ture, &c.  ought  then  to  be  well  afcertained.  When 
thefe  circumftances  have  been  obferved,  we  mull 
examine  the  water  by  chemical  tefts,  or  precipi- 
tants. 

In  order  to  afcertain  whether  the  water  contains 
any  iron,  a  little  tincture  of  galls,  or  pruffiat  of  pot- 
am  muft  be  dropped  into  fome  of  it,  and  if  a  purple 
or  blue  colour  be  produced,  we  may  be  afiured 
that  it  does  contain  iron.  The  next  objed  is  to  afcer- 
tain whether  this  metal  be  fufpended  by  the  carbonic 

acid. 
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acid,  or  by  forne  of  the  more  fixed  acids ;  which 
may  be  done  by  boiling  it  for  a  fliort  time,  and  then 
examining  it  by  the  fame  tefts.  If  it  ftill  changes 
colour,  the  iron  is  fufpended  by  a  fixed  acid. 

The  prefence  of  carbonic  acid  may  be  afcer- 
tained  by  tincture  of  turnfole.  This  teft  likewife 
difcovers  the  prefence  of  any  other  acid,  and  it  may 
be  determined  whether  it  be  the  carbonic  or  any 
other  acid,  by  boiling  the  water. 

Paper  dipped  in  an  infufion  of  red  cabbage,  is 
a  delicate  teft  of  the  prefence  of  both  acids  and  al- 
kalies, the  former  of  which  turn  it  red,  and  the 
latter  green.  Paper  on  which  characters  have  been 
written  with  a  folution  of  acetite  of  lead,  is  a  teft  of 
the  prefence  of  fulphu rated  hydrogen  gas.  The  pre- 
fence of  the  fulphuric  acid  is  afcertained  by  muriat  of 
barytes  that  of  lime  by  the  oxalic  acid  ;  and  of 
alkalies  by  the  aqueous  infufion  of  brazil  wood. 

By  means  of  thefe  precipitants,  varied  in  a  pro- 
per manner,  we  mall  be  enabled  to  form  a  judg- 
ment of  the  nature  of  the  contents  of  a  mineral 
water,  which  will  greatly  facilitate  the  analyfis,  and 
prevent  many  unneceflarv  trials. 


The 


17*  LECTURE  XXX. 


The  next  thing  to  be  done,  is  to  afcertain  the 
nature  and  quantities  of  the  aeriform,  or  elaftic  fluids 
which  thefe  waters  contain.  Thefe  gafes  may  be 
beft  procured  from  the  waters  by  means  of  a  fimple 
machine,  defcribed  in  an  eflay  which  I  publilhed 
on  the  Crefcent  water  at  Harrogate.  When  the 
quantity  of  gas  procured  has  been  accurately  mea- 
fured,  the  different  kinds  muft  be  feparated  from 
each  other. 

When  carbonic  acid  and  azotic  gas  are  mixed 
together,  if  they  be  agitated  over  water,  that  fluid 
will  abforb  the  former,  but  not  the  latter,  fo  that 
the  quantities  of  each  may  be  afcertained.  When 
the  water  contains  carbonic  acid,  fulphurated,  hy- 
drogen, and  azotic  gas,  the  bulk  of  the  whole  muft 
firfl  be  afcertained.  Some  frefh  water  is  then  to  be 
put  into  the  machine,  and  a  quantity  of  quick- 
lime added  to  it,  which  will  abforb  the  carbonic 
acid  gas,  and  its  quantity  may  be  afcertained,  by 
fubtracYtng  the  remainder  procured  by  the  machine, 
from  the  whole  quantity  at  firft  procured.  What 
remains  is  a  mixture  of  fulphurated  hydrogen  and 
azotic  gas,  the  former  of  which  may  be  feparated 
from  the  latter  by  agitation  over  water,  and  their 
refpe&ive  quantities  afcertained.  In  the  analyfis  of 
fulphureous  waters,  the  fulphurated  hydrogen  gas 

ought 
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ought  always  to  be  feparated  before  we  evaporate 
them,  otherwife,  during  the  evaporation,  part  of 
the  fulphur  depofited  by  this  gas,  on  its  union  with 
the  oxygen  of  the  atmofphere,  is  converted  into 
furphuric  acid,  which  greatly  changes  the  nature  of 
the  falts  contained  in  the  water. 

The  next  ftep  in  the  analyfis,  is  to  evaporate  a 
confiderable  quantity  of  the  water  in  order  to  afcertain 
the  folid  contents.  The  water  mould  firft  be  made 
to  boil  gently,  that  the  gafes  may  be  expelled, 
the  matters  which  they  held  in  folution  will  then 
be  precipitated,  and  may  be  collected  by  filtration  ; 
the  remainder  of  the  water  muff,  then  be  evaporated 
ilowly  to  drynefs,  and  the  refiduum  collected  and 
weighed. 

This  refiduum  is  then  to  be  put  into  a  phial, 
and  alkohol  poured  over  it  to  the  height  of  an  inch  ; 
it  mufl  be  well  fhaken,  and  after  {landing  a  few 
hours,  mult  be  filtered.  The  alkohol  duTolves  the 
diliquefcent  falts,  fuch  as  muriat  of  lime  and  muri- 
at  of  magnefia,  but  will  not  touch  fuch  as  are  not 
diliquefcent.  To  the  refiduum,  not  foluble  in  the 
alkohol,  is  to  be  added  eight  times  its  weight  of 
cold  diftilled  water ;  the  mixture  mult  be  fhaken, 

and. 
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and  after  (landing  a  few  hours,  muft  be  filtered. 
The  rifiduum  muft  next  be  boiled  for  half  an  hour, 
in  500  times  its  weight  of  diftilled  water,  and  after- 
wards filtered.  What  remains  is  now  infoluble  ei- 
ther in  alkohol  or  water,  and  generally  confifts  of 
argilaceous  or  filicious  earths,  which  may  be  eafily 
feparated  from  each  other,  and  their  quantities  af- 
certained.  The  folution  made  by  boiling  in  diftilled 
water,  contains  chiefly  fulphat  of  lime,  the  quanti- 
ty of  which  may  eafily  be  afcertained  by  evapora- 
tion. 

We  muft  next  examine  the  fpirituous  folution, 
which,  as  was  before  obferved,  contains  in  general 
muriat  of  lime,  and  muriat  of  magnefia ;  this  folu- 
tion muft  be  evaporated  to  drynefs,  and  weighed. 
Diluted  fulphuric  acid  is  then  to  be  poured  on 
the  fait,  which  will  not  only  ftiow  the  prefence 
of  the  muriatic  acid,  by  the  white  fumes  difen- 
gaged,  but  will  unite  with  the  lime  and  mag- 
nefia, forming  fulphats  with  thefe  earths,  the  latter 
of  which  is  foluble,  but  the  former  poffeffes  very  lit- 
tle folubility ;  in  confequence  of  which  they  can 
be  eafily  feparated,  and  the  quantities  of  muriat  of 
lime  and  muriat  of  magnefia  eafily  afcertained, 
when  the  quantities  of  fulphat  of  lime  and  magnefia 
are  known. 

The 
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The  folution  made  in  cold  diftilled  water  is  next 
to  be  examined,  and  cryftallization  attempted, 
which  will  enable  us,  with  the  afliftance  of  proper 
tefts,  to  afcertain  both  the  nature  and  quantity  of 
each  fait  which  it  contains. 

When  a  water  has  been  thus  analyzed,  we  mull 
next  confirm  our  analytical  proof  by  fynthefis,  and 
if  we  can  produce  a  water  perfectly  fimilar  to  the 
water  we  have  examined,  we  may  reft  fatisfied  with 
our  analyfis. 

When  a  water  contains  lime,  diflblved  either  by 
the  fulphuric,  carbonic,  or  any  other  acid  in  conli- 
derable  quantity,  it  is  much  lefs  fit  for  obtaining  ex- 
tracts from  folid  fubftances,  for  brewing,  diftilling, 
preparing  decoctions  of  coffee,  or  infufions  of  tea, 
and  many  other  ufes  than  pure  water,  and  is  ufually 
denominated  hard.  Such  water  is  likewife  more  or 
lefs  unfit  for  wafhing  linen,  partly  becaufe  it  will  not 
eafily  diflblvethe  greafy  matters,  but  chiefly  becaufe 
it  decompofes  foap.  For  thefe  reafons  hard  waters 
are  totally  ufelefs  in  bleaching,  and  are  unfit  for 
boiling  peas,  beans,  and  other  pulfe. 

The  lime  in  hard  waters  is  generally  fufpended 
by  the  fulphuric  and  carbonic  acids.    Oxalic  acid 

will 
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will  fhow  the  prefence.  of  lime  ;  muriat  of  barytes 
that  of  fulphuric  acid,  and  lime  water,  or  tindure 
of  turnfole,  that  of  the  carbonic  acid. 

If  carbonat  of  lime  renders  the  water  hard,  it 
may  be  purified  by  boiling,  which  drives  off  the 
carbonic  acid,  and  the  carbonat  of  lime  fufpended 
by  it  will  be  precipitated  j  but  when  it  is  caufed  by 
fulphat  of  lime,  a  fixed  alkali  muft  be  added, 
which  precipitates  the  earthy  bafe  ;  for  this  purpofe 
afolution  of  common  potam  may  be  poured  into  a 
given  quantity  of  the  water  as  long  as  it  occafions 
any  turbidnefs,  and  after  the  precipitate  has  fubfi- 
ded,  we  may  ftill  try  whether  the  alfcdi  will  preci- 
pitate any  more  lime  :  in  this  way  we  may  deter- 
mine  the  quantity  of  alkaline  fait  which  a  given 
quantity  of  water  requires  for  its  corredion,  and 
when  once  this  is  done,  we  can  put  the  proper  quan- 
tity of  the  fait  into  the  water,  let  it  (land  a  few 
hours,  then  decant  the  liquor  from  the  fed.ment, 
and  it  will  be  fit  for  warning,  or  any  common  pur- 
pofes     Putrid  waters  are  beft  purified  by  agitating 
them  in  contad  with  powdered  charcoal,  which  may 
be  cafily  done  at  fea,  and  will  render  them  perfedly 
fweet ;  if  the  infides  of  the  water  calks  be  previouily 
charred,  they  will  preferve  the  water  fweet  for  along 


time. 

THE  END. 


